REMARKS 

IN THE CLAIMS 

Claim 53 has been amended for greater clarity and 
particularity, to replace "said promoter'' with "said expression 
control sequence''. Support for that amendment can be found in 
Claim 31, wherein the antecedent "expression control sequence" 
(not "said promoter") appears. 

I . Preliminary Remarks 

Applicants gratefully acknowledge the Examiner' s 
withdrawal of the 35 USC §101 rejection of Claims 39-40. 

II . 35 USC § 112, First Paragraph (Written Description) 

Claims 31-35, 39-40 and 53-55 stand rejected under 35 
USC 112, 51 "as failing to comply with the written description 
requirement .... This is a new matter rejection . " [Office 
Action page 3; emphasis in original.] More specifically, the 
Examiner states that the specification does not specifically 
describe " a vector that is capable of transcribing an antisense 
oligonucleotide in a human cell with a resultant decrease in the 
MN expression in the cell or claimed therapeutic effect of 
treating a neoplastic disease." [Office Action, at page 4; 
emphasis in the original.] Applicants respectfully traverse, 
arguing that a specification is interpreted according to what one 
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of ordinary skill in the art would understand is supported both 
explicitly and implicitly, and that the claims may be amended 
accordingly without adding new matter [MPEP §2163 . 07 (a) ] . 



First 35 USC §112, SI 1 Rejection is Improper: Rejection of 
Inherent Subject Matter as New Matter 

Applicants respectfully submit that the first 35 USC 

§112, 51 rejection of the Office Action is improper as a "new 

matter" rejection of subject matter that is not "new matter" but 

instead constitutes subject matter inherent in the Specification. 

Applicants respectfully point out that it is axiomatic that the 

clarification of inherent subject matter does not add new matter 

to an application. [ See , for example, In re Smythe , 178 USPQ 279 

(CCPA 1973) . ] 

The instant 35 USC §112, 51 rejection is based on a 

finding of lack of literal support in the Specification for the 

specific combination of elements individually described in the 

Specification : 

The specification, as originally filed, 
discloses ant i sense oligodeoxynucleo tides that 
are complementary to MN mRNA sequence, wherein 
the antisense oligodeoxynucleotides are 19-mer 
or 29-mer (Example 10; Figure 3) . It also 
discloses methods wherein naked antisense 
oligonucleotides (i.e., without being 
expressed by an expression vector) are added 
to the cell culture media . See Example 10 . 
With regard to an expression vector, the 
specification discloses an antisense MN 
cDNA/promoter construct (page 65) , wherein the 
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full-length MN cDNA sequence comprising 1519 
nucleotides in length is placed in an 
ant i sense orientation and the promoter is an 
MN promoter (page 40; Figure 15). 
Nevertheless , the specification is completely 
silent about a vector that is capable of 
transcribing an ant i sense oligonucleotide in a 
human cell with a resultant decrease in the MN 
expression in the cell or claimed therapeutic 
effect of treating a neoplastic disease. 

[Office Action, bottom of page 3 to top of page 4; emphasis in the 

original.] Notably, the Examiner admits in the above passage that 

the Specification supports each of the individual limitations of 

Claim 31: 1) an MN antisense construct comprising a nucleic acid 

sequence from which an MN antisense nucleotide is transcribable ; 

2) wherein said nucleic acid sequence is operably linked to an 

expression control sequence in a vector; 3) wherein said MN 

antisense construct shows antisense activity in an in vitro 

screening assay; and 4) examples of MN antisense nucleotides that 

are MN antisense oligonucleotides capable of inhibiting MN gene 

expression. As it would have occurred to one of ordinary skill in 

the art at the earliest priority date to substitute fragments of 

antisense DNA in the place of full-length antisense DNA (cDNA) , 

particularly in view of described MN antisense oligonucleotides 

that inhibited cell growth when added to the cells , Applicants 

respectfully argue that the claims only make explicit what one of 

skill in the art would understand from the implicit teachings of 

the Specification. "To comply with the written description 
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requirement of 35 USC 112, para. 1, . . . each claim limitation 



must be expressly, implicitly, or inherently supported in the 
originally filed disclosure.'' [MPEP §2163.05.] 

MPEP at §2163. 07 (a) makes clear that a specification is 
interpreted according to what one of ordinary skill in the art 
would understand is supported both explicitly and implicitly, and 
that the claims may be amended accordingly without adding new 
matter : 

By disclosing in a patent application a device 
that inherently performs a function, operates 
according to a theory or has an advantage, a 
patent application necessarily discloses that 
function, theory or advantage, even though it 
says nothing explicit concerning it. The 
application may later be amended to recite the 
function, theory or advantage without 
introducing the prohibited new matter. In re 
Reynolds. . . 170 USPQ 94 (CCPA 1971); In re 
Smythe . . . [cited supra ] (CCPA 1973) . 

As the PTO Board of Patent Appeals and Interferences stated in Ex 
parte Soreson , 3 USPQ2d 1462 (Bd. Pat. App . & Interf. 1987) at 
page 1463: 

[W]e are mindful that appellant's 
specification need not describe the claimed 
invention in ipsis verbis to comply with the 
written description requirement. . . . The 
test is whether the originally filed 
specification disclosure reasonably conveys to 
a person having ordinary skill that applicant 
had possession of the subject matter later 
claimed. . . . 

[Emphasis in original.] 
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There is a clear basis in the original Specification for 
the claimed subject matter at issue, MN antisense oligonucleotide 
vectors. General support for MN antisense constructs comprising a 
nucleic acid sequence derived from the MN promoter can be found in 
the instant specification at the least at page 65, line 19 to page 
66, line 25, which describes an "antisense" MN cDNA/MN promoter 
construct used to transfect CGL3 cells, particularly at page 66, 
lines 1-9. Support for the MN antisense nucleotide being an 
oligonucleotide of between 19 to 29 nucleotides in length, can be 
found at page 93, line 26 to page 94, line 5, which states: 
"Particularly preferred are the 29-mer 0DN1 and 19-mer 0DN2 for 
which the sequences are provided infra . Those antisense ODNS are 
representative of the many antisense nucleic acid sequences that 
can function to inhibit MN gene expression." 

Moreover, as taught in the Mercola reference cited in 

the Specification at page 92, line 22 [Mercola, D., "Antisense f os 

and fun RNA, " pp. 83-114, Prospects for Antisense Nucleic Acid 

Therapy of Cancer and AIDS , (Wiley-Liss, Inc., New York, NY, USA; 

1991); copy enclosed], the preparation and utility of constructs 

expressing antisense fragments derived from the 5' region of c-fos 

or c-jun was known at the priority date. In particular, Mercola 

teaches that 

The use of antisense fos and jun RNA has 
contributed to our understanding of cell-cycle 
regulation, differentiation, gene regulation, 
and in particular, transformation. In all 
effective cases, expression of antisense fos 
RNA via stable transfection of plasmids has 
led to a reduction of steady-state c-fos 
transcript levels implying a mechanism of 
action that involves the breakdown of RNA 
involved in RNA duplex formation. A wide 
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range of sequences all containing 5' portions 
of the c-fos gene have been used as a source 
of antisense RNA production or DNA antisense 
oligonucleotide synthesis. Similarly the 5' 
coding region of c-jun has been used for the 
preparation of plasmids designed to express 
antisense RNA. 

[Mercola, at page 107, top of right column; emphasis added.] 

Applicants respectfully point out that a "specification 

is directed to those skilled in the art and need not teach or 

point out in detail that which is well-known in the art." [ In re 

Myers , 161 USPQ 668, 671 USPQ 668, 671 (CCPA 1969); see also, G.E. 

Col. V. Brenner , 159 USPQ 335 (CAFC 1968).] As the Federal Circuit 

stated in Spectra- Phys i cs , Inc . v . Coherent, Inc . , 3 USPQ 2 nd 1737, 

1743 (Fed. Cir. 1987): "A patent need not teach, and preferably 

omits, what is well known in the art . " [Emphasis added. ] 

The Third Circuit stated referring to two Court of 

Customs and Patent Appeals (CCPA; predecessor court to the Federal 

Circuit) opinions [ In re Wiggins , 179 USPQ 421, 424-425 (CCPA 

1973) and In re Bode , 193 USPQ 12 (CCPA 1977)]: 

It is axiomatic that no description, however 
detailed, is " complete" in a rigorous sense . 
Every description will rely to some extent on 
the reader' s knowledge of the terms , concepts , 
and depictions it embodies. Thus, an 
understanding of any description will involve 
some measure of inference. . . . [S]kill in 
the art can be relied upon to supplement that 
which is disclosed as well as to interpret 
what is written. 
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Rengo Co. Ltd. V. Molins Mach. Co. , 211 USPQ 303, 319 (3d Cir. 
1980) . Applicants respectfully submit that the claimed subject 
matter would have been considered conventional to one of ordinary 
skill in the art, as it merely combines individual elements 
described in the specification (i.e., MN antisense 
oligonucleotides and MN antisense vectors comprising MN 
promoters), and as antisense oligonucleotide vectors were known in 
the art at the time of the earliest priority date (that is, 
October 21, 1992) . 

Antisense Oligonucleotide Vectors Were Conventional in the Art 
Applicants respectfully submit that, at the priority 
date of the instant application (October 21, 1992), it was known 
how to successfully prepare vectors that expressed antisense 
oligonucleotides derived from that DNA sequence to inhibit the 
growth of neoplastic cells, once a DNA sequence of a critical gene 
had been identified. For example, De Benedetti et al. [ Mol. Cell. 
Biology, 11 (11) : 5435-5445 (1991); copy enclosed] described 
experiments in which "HeLa cells were transformed to express 
antisense RNA [ 2 0 nucleotides in length] against initiation factor 
eIF-4E mRNA from an inducible promoter. . . . Induction of 
antisense RNA production was lethal." [Abstract] . 

De Benedetti et al. 1991 further provided extensive 
teachings as to how to make and use such antisense oligonucleotide 
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vectors to inhibit HeLa cell growth [ infra ] . De Benedetti et al. 
in turn relied on the teachings of others regarding the induction 
of antisense nucleotide expression [e.g., Holt et al., Proc. Natl. 
Acad. Sci. USA, 83 : 4794-4798 (1986); Khokha et al . , Science, 243 : 
947-950 (1989); McGarry et al . , Proc. Natl. Acad. Sci. USA, 83 : 
399-403 (1986); see De Benedetti et al. at page 5442, middle of 
right column.] At least four other investigators (described infra 
under the response to the 35 USC 112, 51 enablement rejection), 
either successfully used antisense oligonucleotide vectors to 
inhibit tumor cell growth, or described their potential 
therapeutic use. Based on the above results, one of ordinary 
skill in the art would have considered that the technology of the 
antisense oligonucleotide vectors as described by De Benedetti et 
al. in 1991 could be applied to the MN gene as well. 

Additional Argument: SEQ ID NO: 7 

The Examiner also argues at page 4 of the Office Action 

that 

the specification does not describe SEQ ID 
NO:7 as a potential antisense oligonucleotide 
that decreases MN expression as claimed in 
clam 55 ; rather, it describes SEQ ID NO : 7 only 
as a reverse primer sequence that is used in a 
RACE system for full-length MN cDNA cloning 
experimentation (page 39) . 
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However, based on the efficacy of antisense oligonucleotide 

sequences 0DN1 and 0DN2 (SEQ ID NOS : 3 and 4) [Specification at 

page 24, lines 12-17 (Figure 3 description)], one of ordinary 

skill in the art would expect that antisense oligonucleotides 

having similar length and full complementarity to MN mRNA, such as 

SEQ ID NO: 7, would work as well, particularly in view of the 

above teaching from the Specification that 0DN1 and 0DN2 [SEQ ID 

NOS: 3 and 4] were "representative of the many antisense nucleic 

acid sequences that can function to inhibit MN gene expression 

. . [Specification at page 94, lines 3-5], and that 

[p] referred antisense oligonucleotides 
according to this invention are gene-specific 
ODNs or oligonucleotides complementary to the 
5' end of MN mRNA. . . . Ones of ordinary 
skill in the art could determine appropriate 
antisense nucleic acid sequences , preferably 
antisense oligonucleotides , from the nucleic 
acid sequences of Figures 1A-1B, 15 and 25a-b. 

[Specification, at page 93, line 24 to page 94, line 8.] 

Applicants respectfully conclude that no new matter was 

added by the claimed subject matter which renders what was 

implicit in the Specification explicit in the claims. For the 

reasons provided above, Applicants respectfully request that the 

Examiner reconsider and withdraw the 35 USC §112, 51 "new matter" 

rejection of the pending claims. 
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Ill . 35 USC § 112, First Paragraph (Enablement) 

Claims 31-35, 39-40 and 53-55 stand rejected under 35 

USC 112, first paragraph, 

as failing to comply with the enablement 
requirement .... 



. . . [I]t would have necessitated an 
undue experimentation to construct a vector 
that is capable of expressing a short (19-29 
mer) antisense oligonucleotide in a human cell 
or to use such vector to treat a neoplastic 
disease in a human .... 

[Office Action, pages 4-7.] Applicants respectfully traverse, 

submitting that the initial burden of proof to challenge a 

presumptively enabling disclosure is upon the Examiner, and the 

Examiner has provided no objective evidence as to why the 

instantly claimed methods would not work . In addition, Applicants 

respectfully point out that at the time of filing an application, 

an applicant need not have any examples proving a claimed utility, 

and that the instant application provides references and examples 

in the Specification that support the construction of a vector 

that is capable of expressing short (19-29 mer) antisense 

oligonucleotides in a human cell and inhibit cell growth, as 

supported by the Gruenert Declaration under 37 CFR 1.132 filed on 

January 4 , 2 0 07. Furthermore, conventional art at the time of the 

priority date taught that antisense oligonucleotides produced by 
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vectors could overcome difficulties in uptake by cells and were 
effective at reducing tumor cell growth . 



In re Marzocchi 

The Federal Circuit quoted from In re Marzocchi , 169 

USPQ 367, 369 (CCPA 1971) in In re Brana , 34 USPQ2d 1437 at 1441 

(Fed. Cir. 1995) as follows: 

[A] specification disclosure which contains a 
teaching of the manner and process of making 
and using the invention in terms which 
correspond in scope to those used in 
describing and defining the subject matter 
sought to be patented must be taken as in 
compliance with the enabling requirement of 
the first paragraph of § 112 unless there is 
reason to doubt the objective truth of the 
statements contained therein which must be 
relied on for enabling support. 

[Emphasis in the original.] 

MPEP § 2164.04 entitled "Burden on the Examiner Under 

the Enablement Requirement" directs that the initial burden of 

proof to challenge a presumptively enabling disclosure is upon the 

Examiner. The patent case law, as well as the MPEP, makes clear 

that in accordance with case law, statements in a patent 

specification relied upon for enabling support that correspond in 

scope to a claimed invention "must be taken as in compliance with 

the enabling requirement of the first paragraph of § 112 unless 

there is reason to doubt the objective truth of" those statements . 

[ In re Marzocchi , supra ; italicized emphasis in the original; 
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underlined emphasis added.] Applicants respectfully submit that 

there is no reason to doubt the objective truth of statements 

relied upon for enabling support in the Specification for the 

claimed invention . 

Applicants respectfully point out that at the time of 

filing an application, an applicant need not have any examples. 

An invention may be constructively reduced to practice by filing 

an application with no working examples at all or with paper 

examples . As the Federal Circuit has stated: 

The first paragraph of § 112 requires 
nothing more than objective enablement. In re 
Marzocchi, . . . , 169 USPQ 367, 369 (CCPA 
1971) . How such a teaching is set forth 
either by the use of illustrative examples or 
by broad terminology, is irrelevant . 

[ In re Vaeck , 20 USPQ2d 1438 at 1445 (Fed. Cir. 1991); emphasis 

added. ] 

Incorporated References and the Gruenert Declaration 

At page 6, the Office Action contends that "none of the 
references incorporated in the specification teaches, let alone 
insinuates, the feasibility or conception of cloning short 
ant i sense oligonucleotides into a vector." However, as pointed 
out supra , the Mercola reference cited at page 92 of the instant 
specification teaches that " [a] wide range of sequences all 
containing 5 ' portions of the c-fos gene have been used as a 
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source of antisense RNA production or DNA antisense 
oligonucleotide synthesis . Similarly the 5 ' coding region of c- 
jun has been used for the preparation of plasmids designed to 
express antisense RNA . " Therefore, one of skill in the art was 
taught that antisense fragments expressed by a vector could be 
used to inhibit neoplastic cell growth. 

Further, the Office Action states at page 6 that 
"nowhere in the 8-page [Gruenert] declaration [under 37 CFR 1.132 
filed on January 4, 2007] is there a statement acknowledging that 
a plasmid or vector can successfully express MN antisense 
oligonucleotides in cells and confer therapeutic effects/' 
However, Applicants respectfully point out that the Gruenert 
Declaration specifically cites, as support for the therapeutic 
efficacy of MN antisense oligonucleotides, the transfection 
experiments using MN antisense constructs described in the instant 
Specification. By citing those experiments, Dr. Gruenert implied 
that the technology and biological effects of MN antisense 
constructs was applicable to MN antisense oligonucleotides. 

Dr. Gruenert states at page 3, Section 3(a) of the 

Declaration : 

I declare that the in vitro results shown in 
the subject specification, for example at 
pages 65-67, reasonably predict in vivo 
therapeutic efficacy of MN antisense 
oligonucleotides for the following reasons . 
First, there is a strong association of MN 
gene expression with tumorigenesis . Second, 
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transfection experiments with MN sense and 
ant i sense constructs, in non-tumori genie and 
tumor i genie cell lines , respectively, show 
that MN sense constructs cause non-tumorigenic 
cells to exhibit a transformed phenotype, 
whereas the antisense constructs cause the 
tumor i genie cells to have a very much lowered 
proliferation rate and to form smaller 
colonies than controls. Third, prior studies 
show that the in vitro effects observed in 
studies of other, structurally similar 
oligonucleotides, correlate with in vivo 
therapeutic effects. 

Applicants respectfully note that Dr . Gruenert alternatively cites 

evidence from experiments using MN antisense oligonucleotides and 

MN antisense constructs as support for the utility of MN antisense 

oligonucleotides, implying that there no reason to think that the 

biological effects of MN antisense constructs did not also apply 

to MN antisense oligonucleotides. Further, at page 7, Section 8, 

Dr . Gruenert states : "I further declare that the published 

literature taught routine methods for designing, making, 

delivering , and evaluating oligonucleotides using for successful 

in vivo use /' [Emphasis added.] Included in that "published 

literature" were the experiments of, for example, De Benedetti et 

al. 1992 [infra], which taught that the delivery of antisense 

oligonucleotides using constructs inhibited the growth of HeLa 

tumor cells. 

In contrast, the Examiner has provided no evidence as to 
why one of ordinary skill in the art (at the time of filing) would 
expect the claimed subject matter not to work, and has only 
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provided evidence [bottom of page 5, Office Action] of earlier 
experiments using exogenous antisense oligonucleotides that did 
work [Zamecnik and Stephenson (1978); Stephenson and Zamenick 
(1978) ] , and later experiments using antisense oligonucleotide 
vectors that did work [Noonberg et al., Nucleic Acids Research, 
22 : 2830-2836 (1994) ] , which evidence only tends to support the 
enablement of the claimed methods. 

Conventional Art at the Earliest Priority Date 

Applicants respectfully submit that the Office Action is 
incorrect in stating at page 5: "Since Zamecnik and Stephenson 
first published their reports on antisense oligonucleotides that 
inhibit the targeted RNA in 1978 . . . , the effective delivery 
methods which utilize an expression vector and a promoter for 
expressing and producing short antisense oligonucleotides in 
mammalian cells were neither routinely practiced in the art nor 
practically conceived of in the art until the 1994 publication by 
Noonberg et al . . . . " Applicants respectfully submit that such 
effective delivery methods which utilize an expression vector and 
promoter for expressing and producing short antisense 
oligonucleotides were practiced in the art, not to mention 
practically conceived of in the art, at the priority date of the 
instant application, as evidenced at the least in the De Benedetti 
et al. 1991 article cited supra . 
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As discussed in the Section above in the response to the 



first 35 USC 112, 51 rejection, De Benedetti et al. 1991 [copy 

enclosed] described experiments which provided extensive teachings 

as to how to make and use vectors that expressed ant i sense RNA 

oligonucleotides [20 nucleotides] to inhibit HeLa cell growth. 

Substantial experimental detail is provided therein : 

The vector to express AS RNA [antisense RNA] 
against eIF-4E mRNA was constructed from RDB- 
DRE . . . by insertion of a double-stranded 
form of the antisense oligonucleotide into the 
Xbal site of the polylinker. E. coli JM110 
cells were transformed, and plasmids from 
ampicillin-resistant colonies were screened 
for the presence of a Clal site, which is 
created by the insertion of the antisense 
oligonucleotide . 

[De Benedetti et al. (1991) at page 5436, Materials and Methods , 

middle of left column.] 

The vector used to express AS RNA [antisense 
RNA] was derived from BK virus and pSV-2neo. 
. . . A sequence complementary to 20 nt near 
the 5' terminus of eIF-4E mRNA was placed 
under control of the inducible promoter. . . . 
Cells transformed with this vector (hereafter 
referred to as AS cells) grew slowly . . . . 
Addition of the inducer TCDD to AS cells 
caused further slowing of the growth rate and 
then a decline in cell number after 2 days 
(Fig. 1A) . . . . 

. . . These results indicate that the 
phenotype of slow growth is due to the 
expression of eIF-4E antisense sequences and 

not to the vector per se, G4 1 8 or TCDD . 

[ Id. at page 5437, Results , bottom of left column to top of right 
column; emphasis added.] Figure 1A [id. at page 5437, top right 
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column] depicts growth curves of the antisense-expressing AS cells 



with and without added inducer TCDD: addition of TCDD to AS cells 



caused a clear decline in cell number. 



De Benedetti et al. (1991) concludes: 

Melton . . . used AS RNA in Xenopus oocytes to 
inhibit (3 -glob in translation and found that 
sequences complementary to the 5 ' noncoding 
region or the 5 ' region including the 
translation initiation site were more 
inhibitory than those complementary to the 3 ' 
coding or 3' noncoding regions. Izant and 
Weintraub . . . observed maximal inhibition of 
thymidine kinase expression in LTK- cells when 
they used AS RNA directed against the 5' 
untranslated portion of the mRNA. On the basis 
of these results , we constructed the vector to 
express RNA which was complementary to 20 nt 
at the 5' terminus of eIF-4E mRNA. 



. . . [T]he expression of AS RNA against 
eIF-4E mRNA produced marked effects in our 
system. The rate of cell division was slowed 
or stopped, depending on the level of 
expression (Fig. 1) . . . . 

Another important feature of the system 
described here is the ability to regulate the 
level of AS RNA expression. 

[Id. at page 5442, passage bridging left and right columns.] 

Additional prior art also teaches the feasibility and 

efficacy of vectors expressing antisense oligonucleotides. For 

example, Joshi et al. [ J. Virology, 65 (10) : 5524-5530 (Oct. 1991); 

copy enclosed] , described retroviral vectors engineered to express 

5 ' oligonucleotide sequences of HIV-1 RNA in the antisense 

orientation and used to transform the human CD4+ lymphocyte- 
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derived MT 4 cell line. Cells expressing antisense RNA 
oligonucleotides to the 5 ' sequence of HIV-1 RNA were resistant to 
HIV-1 infection . "These results indicate that sense and antisense 
approaches can be used to interfere with HIV-1 multiplication." 
[Joshi et al. (1991), last line of abstract at page 5524.] 

Busch et al., [ Boll. Soc. Ital. Biol. Sper., 67 (8): 
739-750 (August 1991); abstract enclosed] teaches that "[t]he 
epitope region [of G1-P120 antigen] contains the sequence Gln-Ala- 
Ala-Ala-Gly-Ile-Asn-Trp which is unique to the human P120 
molecule; this may be a site for drug attack either by analogs to 
the region or by novel constructs based on antisense 
oligonucleotides . " [Abstract, emphasis added; copy enclosed.] 
Nadkarni et al. [ Medical Hypotheses, 35 : 307-310 (1991) ; copy 
enclosed] suggests treating CML (a myeloproliferative clonal 
disorder of myeloid stem cells) by an antisense oligonucleotide 
construct which is introduced into CFU-GM cells (granulocyte- 
monocyte committed stem cells) , and which transcribes a 16-20 
nucleotide antisense RNA message which binds to the abnormal 
fusion mRNA expressed in the disease [see Abstract and page 309, 
top of left column . ] Also, Raschella et al . [ Cancer Res . , 52 : 
4221-4226 (August 1, 1992) ; copy enclosed] describes the 
successful use of antisense vectors expressing fragments of human 
c-myb cDNA [224-bp and 231-bp in length] which inhibited the 
proliferation of transformed neuroectodermal cell lines, providing 
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proof that fragments of antisense DNA could be effective, in 
addition to entire cDNA sequences, in antisense vectors. 

Based on the above results, one of ordinary skill in the 
art would have considered that the technology of the antisense 
oligonucleotide vectors as described by De Benedetti et al. (1991) 
and others was conventional art that could be applied to the MN 
gene as well. 

Additional Arguments 

The Examiner argues at the bottom of page 6 that "the 
specification does not teach that the naked MN antisense 
oligonucleotide interacts with MN gene at the DNA level as claimed 
in claim 35, although it shows the MN antisense oligonucleotide 
blocks MN transcript at the mRNA level. " To the contrary, 
Applicants respectfully point out that the Specification teaches: 
"Antisense nucleic acid sequences substantially complementary to 
mRNA transcribed from MN genes, as represented by the antisense 
oligodeoxynucletides (ODNs) of Example 10, infra , can be used to 
reduce or prevent expression of the MN gene." [Specification, at 
page 92, lines 4-8]. One of skill in the art would consider that 
one mechanism by which antisense oligonucleotides could prevent MN 
gene expression would be direct binding to complementary DNA 
within the gene. One of ordinary skill in the art would also 
consider that the hybridization of such MN antisense 
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oligonucleotides to MN sense DNA to be within the scope of the 

invention, in view of the Specification' s teachings that 

DNA or RNA having equivalent codons is 
considered within the scope of the invention, 
. . . as well as those nucleic acid sequences 
that would hybridize to said exemplary 
sequences [SEQ. ID. NOS . 1, 5 and 23] under 
stringent conditions or that but for the 
degeneracy of the genetic code would hybridize 
to said cDNA nucleotide sequences under 
stringent hybridization conditions . 

[Specification, at page 37, lines 2-11.] 

For the reasons provided above, Applicants respectfully 

conclude that the instant specification combined with conventional 

art provided sufficient enablement for the claimed subject matter. 

In view of the above remarks , Applicants respectfully request that 

the Examiner reconsider and withdraw the instant 35 USC §112, 51 

enablement re j ection . 

35 USC § 112, Second Paragraph 

Claim 53 stands rejected under 35 USC § 112, second 
paragraph, as " [t] here is insufficient antecedent basis for this 
limitation ["said promoter"] in the claim." Applicants 
respectfully point out that Claim 53 has been amended to recite 
"said expression control sequence " instead, which phrase has 
antecedent basis in independent Claim 31 from which Claim 53 
depends . 
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applicants? respectfully subr&it that Claim S3 now meets 
the 35 USC 112, second paragraph requirement for de£ irut&n&as, and 
requests that the Examiner reconsider and withdraw the instant 35 
USC 112 t second paragraph rejection. 

Applicants respectfully submit that Clams 31-35, 39-48 
and 53-55 axe in condition lor allowance, and earnestly request 
that the claims fee promptly ■allowed, If for any reason the 
Examiner feeds that a telephone conference wotfld expedite the 
prosecution of the subject application., the Examiner ia invited to 
telephone the umier signed Attorney for Applicants at {415} 
2034, 

Respect fully sofcmi tt ed f 

y . { ,y , ,t"" : " 

li Leona L Lahcier 
Attorney for Applicants 
Eegiatratioa, Ho, 30,863 

Dated s September 12, 200? 
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I £ed sce^ey so^ 

$m mit }m. Urns h®m mvitwM tzsmitf 

<Vq# aMte, i^?CMt* "»ttd lite, S$8£ ; 
mi C^r^ fC^la* I9^0}> 



<X<xe^, ;io*l !%hAM:$| s^tSgm 



S^ee Seki S^^B:i>:c$cc> ^k^<;^^.v<-: 

^?^r' s deifeed l>y a b^Jss;: with s s^^I^jc ?^ ■ 
p^M M feee ks«« revues ^ he 

kte ^4 Mf ? WSS; Sellers -m& $mM., ifm) 

temodmseo vis l&tmcskam oC mr- 
f&&\ mm 0f tte to tosjy Mmk^ fers^ 
temmtet^ lm at form w§A 
$m (€Mu m ai s: torn si ... imS; 

S»amvC^ss es ^ Irf ^? <C 
19^:: SmesI et ^i, 1P^>).. fc «;s:i>e? 
^m:jx^^>a «l j^e l^-jm e<^>k^ : , lm 
fern Heia celfe ^ ae^t?x pm^ix$- 
I. ( AF' 1 >™& £on^^sl'^$k>n to? ase- 
d*a« g^>; fe&as<^ |>he:rbe! 

1 9 ^ 1 S& m> <M^^mcm in tim t}Hh- 

feceg?iklo^ of ibe co^p-^isk^ of 

AF-I lte^r<:«^fe.te% ?nes^:> 

J ft complex bi^dU3g $^ek s« 

m 



es^>j f^tk, 
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p«t$&M (ASM) i& 



$Hf&«$ fe&rms§ M$t^ll^& 



i«H3 T GAG 



is V .r% :L...... 



.>;->>>->-->>w;>>>>~wj> 



mi 



1LJ T G A C G T G A L_jH 



&Tf $m fend m vlml 
site 



0»>m^£k : <rt tm4z. te' et-at, Iftt&Ctaft si, TO)^ 

<>n.^ |^-|^ itamctfta Mils w$s& toi*^ a fcgcs" f M«mk« m 



On ikt N iemmM $kU of $M temim zip- 
pm U & $vmn4 M0kf hm*\<}k>$<M§ regkmof 

rtsMksm kmmm m $k mpzmmi for f>Uh 

bk*dji ^ ;kk^ky aMfe j*«rs feuky m$mh££S M 
pxcsth 'mcmMm4 m -iim pxm^oct^ of w&f o£ 
xM taaly (€kk* e$ &L SMS: 

£$Tksf 19^)- T'te* tei^5X$di«r 

tMmMs mmemm mqmnss ($% i >... 
A ms$:&: -of ftrtf- 

& ^ e;;ry iir&pdt ;*o<J feCM:^ 
to umt&npiiOft m m^mm m & tep- nmtiwt 

tii mnm si: c^fa &*wv «rf 

I »)> Vi;*p. wd ! )- !te ttpfcl d#d*tH£ 
m 4m 10 hi itm shmz m%i:i¥Mnmm: a *hmt 

tm&:- •% 

« i, 1984- fecsferi ti il n 191 



(Msfa m lm m si, fas 

Mm mmibzm m itm Jim mqmMm<fy. i- j'tm 



ftwe te, Mdidon the DNA-Mftd5s>g 

^mmm ?$f fiw ft$M iw^i® 

&r*.d iiisjs $k«si^s!if ^M'bMs.itre £ke do- 

•es .^1..,. is- ^ ^ ^m^: >:^- 



y 



SERUM 




l 




• ■ • 




$*eg^te n^ter of ^jmht^ (Fig., 2) 
*m<3 be ropo^bk im the. itmsimt m~ 
mm $1 she e&presslos* of^jua (Mm&% i$90 1 
py&s : *b$sr/ of way <&tfe'enf: 

The stutfira ^v&wssl iwm §mm 

hem cstfkxi o*st bcfere aasS Zhumg $Mwt:-< 
^met of MiUikm&l f&miiy members and 
thtmkm: were &ot de&ig^ed so d&eftehw£ 
amo^g them., ^a^wr, tfsis i$ m b-e 

$ mmpita*k>a Smx^^l sppls -mtim of the 

mg le^pl's $>f c&issiljg s&>&$ pslfs 

sn* We*mrmih. 198^: teMs A H)M- 
Agsl* es &L !96fk M^^rry lis:kkpM c i$£§<>; 

M&dy wish <7-9% 11k: !&^»£ft£«$ of 

j^m feiaSy imHtifam sfeow bo 
mok*gy >?#% m me regk>a$ of peiatl «e 
D»*£& ^ir^l^g m4 tocim: tippzr Immm&m. 
Vkm^k sill ^?s^c<% smi^ase 
stwefyBi <$ml$%$$ii hem are derived fern 5' 

&<)8£;<x3&>& $W$t $:&<M ^^eUC€$ th&t 

Mbit < i5% hmi&logy, U H v$tymMk$ly slmt 
?Ik? M$&*eissc remits ■«3v<^w $jjg$tilc<mt »^ 
feflm<ii^3do?^- N>w&v£f> this r^m&am n®* 

few. Regurifotioft of Ffeofetet^ 

in the wgnMkm ©£ i^ifer&ttaa (B&ho& 
s*S®$> T&& cossdu^ioftc togetiter with the 

&<:tor (F0€?f } (GtTOsbe^g *md 7M> 19M\ 
Krmjm <$ &L 19M< Mi&lm m si. kd 

th® mctxmmm Qf^i^mi MmMmn mto 
fee c : /te prom^^er (1%. 3 ) mii&bis ^cvcx^l 



Tks kf poshes mm zmdiM iti 4mM k& 

co^^mmg iill of &e C- 
^'together: Willi 140 bp of $ : "^mc^4's^g 
DiNA Sihc cfim pmmomt ttgim (Eg.. 5). 
I'hfe ^XjWK^ was ;pfe<:M Isrs. ^(Hef^^: #ri 

cedur^ said mutepk w?:;^ §^ec^ ; ::- s - 

Bt^mml <km^$ xppg&rtd with & km 
qm&Cf ®f UV*-™ lower 8m\ k>i <:t\h 

Um&$£<:it$ with pW2n*K* &kynt.- A .few 
t^micf km hem oh^rv^d m oste 
Mm4mm4 mm^m k$ tr^lor^ 

whkih fettctfcrcs with ^.n^^^sl ^cdvfe for 
^•owsfe.. ^nivss^g clones w ^t>- 

•^m s nt vww^ with lower fea&sS e^pr^^uo^ 

Soften <d fxm r<^esk<S 

vsryfeg from l to 40-- Qm*. cfo^« <;x.hih- 

£M th^S ;r<:^«^ x . <> : fe pm^ditt ass- lodged 

to «w» redact -ift pmliel wl^ the <fe- 
cre^tse^ C;^: mm$cr^M levels. Arsd?>en^ o- 
fi}$ UNA p^mMctkm was ^msBzmcd. H<m : * 

mmm l«wk ;^>d w« t^ot f>1;>^^srvs.d «<> 

4mmmxbm>m §MMm mm&mxl wish 
tb. Thus tfes was p<K)i: ccr^iato tecw« 



\ / 



it* 




fcmt <xr dyad spsms&y <1BE|; 



hs&il c:s p^rak^$j 1\ &*£&k$& of TATA tec; ; f , fesi 



t&m< MMmm^ MNA mm whm ^Wmimfi- 
mM bm becsa observed &e om&sfek? 

small m&mm ^mMs^mt IN A 4M 

ftld^etf a^K rcpmu-:d wax 
a$*?d SO the m|« «tfc*jfcs? ft* f S>GF 

&e c^ll -cy<fc. D£*A ist «Mm^i 

24 8&r after- a^M^km M putiiissd F.i>Gf ^ 
.tfccnsic ^cpslMrf cdb b^t m>t SHIFTS 



m Bomber of usrs<k:rgc-:4?^ : 0=NA r&p- 
Motion when w^s;? ^^e^sst. 

were :s5jpm>rj:e<l h? §w -$gmU& 



m^mlf m w^mmp&mmtm of renewed 



t^e log p^^e s?l gmwrkj kKiuc^o^s ^ni- 

sense c jm BNA is bs&ig expressed m inhibit 
$ks ummitm torn ^mcsce^ct renewed 
growth Hmtee a dlmkn^tk^ wi |se- 
twi tic r^k s>f the of 




gfWlft removal v^mss that Sfer cycling celte. 
fcstefd, mlj wry km ttvth of c+jW wm* 
scsipm m& -observe £&e cycle 

Jar pmfea^ et al.* i986> 

H-olt £t c& ( the role of c- 



espre^os* ®&<S & sSg&tesm <<0:cct <m 

cycfeg cells, Mo$$e c-fm DNA oricoicd ir* 

fkom a 30 Nbf* fc^m of mouse c#>>* O NA 
that m$wk$l 5 f -mmcMln^ mqnmc^s mmi 
pm. upsMtmn the sso&S 



t 8 $3' 



mm® 



fig, 4, $&mipte:§ of mxpemx* cos'Mmc^ors of pkmmM ?%p?smm$ mm< 

m^ Jm i&) m&fim (B) m&. A, Ami; B, Bgftk K, ffim$k N\ Nmi; KP-tfh iMzzmzm. 
L '$My?k%m m4 Mmxw i iWTk 2. Lvv'i m<i Omm i Wmy. % Ms < h 4... 

CM? Ipmmsal c;§5>, KM t9Wl Not t*> sbfe. 





i>3S&d c >i> S lAWokp of <:• 

./o.s mpeoc£ wm &ko Ilft&lf & 

k*§ &$g&&a»C toJiS ketweeo toe C£§> 
$$& :too ttfM$M«Ha $to? fe>::^i |gg$38$& <> 

inmttsd IwlwttM sfee $$msse m^mssmy m 
mar vi?^$ (MMW) psmmt^ &sto a gene ess- 

km fsE^M^i»^ tt&&&£$i$$ Of" She 

mkcn m m ImHmxm of oolfoKor iijOitemo 

RNA pO:>d0£tk>O, €t#$«S* €<>&$&k«$|| €;/OS 

:&$pssem* to m&smse o:d£«to:*o: ' «to£>&fc4 
markxtf <!ccR v «d dcmtog eSetoo^f . The 
efet toss «al tm&8& tof !te cm« with 
otoy mim^d ^g DWU, ■*% of & «^ 
msfamskmi pksstod It wm $MUmtt4 tint 
gh& mm^mg zkmm m^mmM up k> mm> 
my$$m of imimd MMA pear odl wte« tfee 
smmm <?£ e#&? fcarggei mkNA ba& b$o* tsto 

3$ <5 £<)^es sSfctt (t&BSifcr «t &„ 

i^'OMferat^^^^Klfe OS elopes 
^K>«d toss: ttoobtosg s.tacs w*xo 

ftf 0COO^r^\>^O*W ?K: ^.-m.-ilvi: Oft s.O^lo 

be itt&ts tewee& tbe spaais** Mm*« o 
j&s kiNA j>r<Hto<:«:4 sad toe c^ssrtf growto 
toktotoott — to fact toMI>t£k>$t of 

grow to w&* ctoser^to wkk etes&l Um% ex- 
pmMm$. l : Ko- 5<K> s&pies- of 300^:0^ am 
t$M®$ UNA per mti wbmm& & $k>m m> 

m MmtmMMs itmmm^m, mMMtkm 
afe^iswd fe a)«?I cfe>«s ^mx^ng a site- 
to -copy ftis^tor .of «swk^ 
scrips. It w»s ?i$^i**i$&£ itott|i 

%wtt imimA 

Jm in cycling a*S& IM^t! c£ ^1 ( f9kB) 
cslk :^|> ^> ^ ?0 8 kf iifes- MMj^'s 



B-cl5ito of F^Xif Us? mm$?femsi:<l % rfM^i 
tkm m\4. km of mmm i^Mmkm md 

OjS:iOi i,^:;s ■:. vvii.i .3 a . i {. > ; } 

$Y$ imsk ??s?- i-Md dst^m <;;: --/<s^ 
tmmcdpl: lew^ Ci>m^-^*i to coo:o:o? >^§si 

^■S.J this <. x h v \ s<; s ■> 

log growth I\^oh:oI;5 <-i 

>:r^:::::5k>o:o^-oo^ l;o : ,: :..: ; v:^:- 

« gm.^ £?^f wt>A to ^ah-^- 
tto &i c*/^\ €^Kte:^3l a|«to ol 

C /m UNA (^l^g. ;^^bc:?'^i;? o>:m- 
ot' llok si, ) to 1! <: 4^-^ 
^mste^ed Mil f 11 cdls sfe fed m % mmm: 
growth r^l-^ v ^. 

(l&dwitk $L, l^W'i it fm ^m^mc 
ik&i in hmk s^dl^ »ttow kNA 

of o : ^&s pif oJc^o. w^o-t: i;oo^- 

pk:'N?:; ^Oiib - : >.>;>:•: : :i;;0. >' ; -vt.i> VWO 'Th.t: 

tiMmvttvm to <:^kto?"Cf ol^f k<: km ^oooo 
l;S o:i<;: ro ; ^: > ; :ikoo of $?cps r^plo?*§ voo. 
l^w icv<::is. ot f o^.. !few§^rlte ^^ - o:^o.v 
Climok^io^ oC 5£lio:^£tp: kv^k r<:qBO>c cj iof 

toe o> G:; «m^:ios5 U likely toeom^kte 
to «d^»«;p:fe^^! c^IM tedtog ^o ck- 
^<T^Jitmooi : , ^ gro^'oi 



E^pf-C:^>k>0 of ^OOOCO^ ./^S :::J N'^H 

0£o:* ^cto <l^d^otsv<^ l^m^f to tkx-:?^;^^4 

wt>^m ^X^f-M^Mtee^ «^;^^tetoo of ,k>^ 

iUz c«?l £ J <:ie s\^.Sfk-ol s-u - o^ « > >r; 
tog » «MW of C^l^l toe Ck ?o Ci> 
miici, He kookltog sime o?cfeI^.|^- 
okukH'^ h tocrs:«>::l ^si<kr amd^te^ of &o- 
ffis Mih mpwMmn m& toe co? o- 

<toe i<> a rofe o! c#s at s secoarf ^ep to 
cell cycle.. Ttee efet« l:^kefy e^p» iIkc 
liMfecllf ^«l cl«to| §iek « ofeA 

ki^riog :s$^J:te:o:se A : ;o R^A^pxoi^o:^. ste- 
?:o.i<^ jwk! cos*vmck- f^vx>? ^«:kctk>B c]-:>oos 
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with alternate mmh&nisms of growd*, Hiere 
U poor comto&m between xim. immkm c<ypy 
t%ixmb%z md the level of mmenm RNA 
session mui between £&p££&§i0$ tod 
pbcmjtvpie ttfcct, -A&oftg t£icr mmy factors 
3c;m>lvc<J may be ^ppr<$sivs effects at d*e 
sire of mstnim m& tiikmncmtkc gmwth 
pmpexxim n:miimj§ &om. -mM^ikm st re* 

Thus there i$ <mm&£mbl%. m$i&m:m m the. 
heh&vior t>( ckmm, A third pssteiftrbi r<:?fe of 
frfm <m growds cmtml & suggastesl fey the 
r>v^ih^ mv&x^C ft°&&i&>ft besweea <: : /fo$ tm- 

*cdpt ievd& i$§ iraasfoR^sd fthrobl$$K$ 
sercslsiyUy m dmsity-dcpersKlcat 'growth af* 
?$$t dfettwss#cl imtfcr **Tfan^>rmatk>tV* be> 
tew. Kkm«tx)us mecha^&de <$U£$Ti®si& 
.main .&!xfttf She rok of dyplo; farniadon in 
^tqm^rmg target SNA, pmmoti^g break- 
down inhibiting mrcfcgr tra^$x>rt, or other 
*tq>s necessary for issterfetisg in mSNA-func^ 
doa The fete of targe*: RNA, optimum cots- 
of ^ti$€ft$& RNA, opliat&srti <y$\ 
tftj^ei SNA, opUsm^ stascr of aHtiactoss 
sod rel&sed q$£$t3&ft$ incompletely 

W9 Emhtfmmt €mtm®m& (EC) Cells 

sue ^csop&ajlv placed b<:nc<si:h she fcsdmry 
capsule (ftk a revfcw see Silver et a!,, 1983:). 
Alito&sgJ-s Jmmxl ^a^biom^" shot cells cm 
be stBmssktsttS te d^Fermt&ie m & wkle 
r^;:i;v of gct&d&?8Ml { emkKterm&l. me^ 
^nchymal tissue mehsding sggr<-g:&^ of sysv 

mysete, sikI Jiervc-iikc dcti valves, The fees* 
ssndfcd fee, ¥9< is -more resirksed hi i& dif* 
&Fmrfotl$ft posendsl sod 1$ wklcly used; a 
mmk;d of d$ffeTO:UM£h>?^ 

'Ose role of o/bs "m $pxmih. t&gii\Mkm of 
F9 EC ctli-S m^y be dfen^c^ fom thas erf fs- 
brobk^ts, Edwards a ni ( 1 98ft) and i*evi ami 

to cos>tiau^iy express -anti^nse c-fas RNA. 
fe. fe: construction of Levi ;ia<l l>^to 410* 
bp fra^rs^iis of «t c : fh$ wMMnmg ilw 
fc^uw and S. f sequences sliBilaf a<s- rfeosc 
u^tti for the llbrobtet studies C ab 



in: a^^i$e or « Me^^'km with 
aspect to Rtsus ^rc-o^M ^te «hMcer (1S\'- 
LTR) (Fig- 4), FuJ length pl^mrd issscrttos? 
w^s coMkmexf by Si^&em ftxi-atiysSs mi Ml- 
Imffh mtis&fiM UNA -prt^ducikm was cob- 
Srmed by Nos^erri tsM^^ls, The ^Mc^cy of 
th^ em^imcik^s tested by pharbol & 
i«r (W : A) arid l^tx^femjs challenges,, which 
isidue^: laig€ iisid irxuisk-M burs^ of e^?X$ 

ehminaurd in the Md«e RNA esprc^^g 

stnd 20-ft*kl tower tewXs <€ endag^ 
iiom tmm:tipi th-m control txlU; Thm, m 
with Esther stxsdies (Ntehifcura. and MiUTay, 

with (Jeerta^d or abqifehed c#>s 
mRNA, However ctoaisg dBelency of €4} 8 
n^l^it cdte .following tmi^ctoi whh fca? 
eonibiuot^ly e^pfe^ing was. skk & 

'teed fmti'i; item, (ybmrvtd with mm*?, control 
ptonki^ of 5-8 x $.0 SimU^ij- ; . s-ub*e- 
qu«»»t growi-b. ?ia:es:. slthougjh mi quantiiajcd 
weit' <jtm;vibcd as co^^aru&It? to j:h -^: of ^>v- 
tr^fect«rd cctk 

ba^cd v'<;xxw, liowe^et. : ihe vc-cs«?r was b^- 
bmcUonaf with tim fm m^mcm tossrtad 
y to the pho^pijott^sferajsc gcuc of pNEO 
(PtMnn^cia), I'olkm^og calcium pho^phs^e- 
^4«ated trartSfecUoi's 3y£x4.scte-c£fe?^ (041 SI 

kagth i«stio?5 waes conSrmol for 
otI ck>««?v by &ft$d*&m ^nalysm a^d coBin^ar 
tirsmcripcion «>l h®ih nm and aEttb««sc. /m 
KiNA was confirmed by $£;;qwmia.l probing. 
C/(xv irai^tTipf ievd^i were- iwtt) be 
simiMte reduced — agate Slfustr&tjfjg tts&t 
t&rgzx UNA U largely d^^troyed ki tk py^- 
^?ice of wttem" C;/m : RNA, Decreased Fas 
pra^k> ^p:^sion wm zho confirmed. 

opr»?n:g oim^tmetta w^ high, 2i) x v \ 
dshmgh shout UXhf<Mi k*a® thm thm fm 
imi\^£mtk>s\^ xmn% pSVlnm stem;. Birsa 
pmMcmkm §t®Mt% Showed no di&rem;^ 
m gtxmih mis or ceil density fer m«3-- 



tempered • 

km zimm 
mg in ihe 
pr-e^kig <;>;, 

■£ .s-x >,,>;,. .... . > 

$ 't/^jH J. r^'ir" 

Vsng--F^a c? 
JmhB c:?cprv:- 
whsle l:h^t a 



•SCi{i5>i:5 fr*W>: : '< 

cv-er> r^c^i^s 

V^.rjBi;?.. Vv^ ;,v * 
trmi^g mm. 

to 

which if ^ny 

h:^c i^Um 
g^fe<l by &: 




AMtes&fc jfe;? &sa<f 9 I 



&m$xm>4 m mm<& simm (& Ete^ per- 

k*g in tfm ptzsmKt af mtb^mt £?jfm tx* 
pm&$% wmmmom m« wta mis% Has 

?:|«:nc^ fflmitti^m uttxl to she » edte 

vm% lite* «ss»te mm mvm mM* 

sstii&c a gmwth mt^MnUm iimt w &a m- 

stem csife dfo m& c<>nt&ks 
btedkig; activity ml ted 

specific 



UNA III. 



mmmm m we * 



fee jw^IM ih&i mm 

prmmm mti dm. 

orj Sterne teclms^^ h« k^i <x*s- 

.. At 'mm wtete 

ite kfasdff ®i£h® DMA Msd 
wbkli If of the feiow^ bi^emctto ^te 

If to im cmxpmkm 



gfte^r^ (CAT) ge» ^ ihe r^>n^ « 
k« could s^ppx^ B^CAT 
m®m i>/m g^m. liiw eves; rep*»km. I>v 

mi mpttm tht c-Jim pmmmm m nil i*m> 
s^m, the mmm fe*s«e C$^> 



OttM ^md^^ ms^g ii mmk>immm «f »f 
( ss id, ; I^MKkstM^ d,. ?98^ : 

mm ite wuks tqp#m$&. 
ox imkmhrn ¥m»>C&t m& 
i: bf coated 

a mrt ptessM (IdiMi. c£ <d., !$S!k*>, 



Hammer efthtf reporter g« 

will). a ht'&oog $m «tm?n^-o-rk?^i^l 

y.$ hp ikMg&ZM mcmM c-fb$ mktm imm. 
tm $^mmmlk% mmmsm md tM §m 
^Kte of osm £ Mfcto £k£ of a& 

§¥4(§ |$£$ftRO££? (p§Vso/% fel tQ & : $-lolk to- 

cteam m CAT $yo$$o&^ Tkose res&fts sug- 
gest, ftxu* that ih&Jbs pt&m$ttr & spe^fi-catty 
ropta^xl In descent oHi& prt 

mtmM<? 4m m part t» aadagewtf*** <>jfm 
$Mt.y m skt vmMishmmt of a low 

b$$&l kvd of expremmn. Szmml tte 
promoter mm be repf^w-cl toste? §:$y 

Tfeese remits kmz bcei* raided ($dbsw»» 
sh&* it! : 4 *m mstessi ot'tM- ml® of 

£$se f o$~;Joo ^ompta; so growth ks&tor s*giM! 

Hit srt&a.ks ms: teol o« m m&ty$&$ of 

£3&&§£&$$ MM-3T3 *-tU$ p^i&m&y f$&$te'.m& 
4p&$£&&> M of i$m cdl Cfcfe by 

?:^>iir'Ox?'t;i^Ct: Of fJsi::Jir^O/>Hil5[Si;-¥:i;? ??XJ$:0k5 y'tfTS so 

km (0.5 - 1 ,0S£ ) ». for I ~3 <$sy& Ser^m 
Mmo^kOj* (addkta to 20% fesl ) 

^yi^m^t c-elfe soowsAos**} 

fs;^ -C.AT »4 & <$$tfQl pf&ssski ikO m & S- 
M4 immm^: m CM mm^m m mxmnki^i 
kwfe of slso r^iK^r. thus <la«- 

sts&k&g the ocpetted bek^vtorof a« kttmt 
fmp,mmt>w?> However, wUm* & c<mtkm^mbf 
productive/to $%pt£$&l<m vector p^jm- wm 
nmii m. plMS of lUt cosTOi pimmM* h&ml 
CAT ^kvky « rateed &fco*& 3-fold. Sorom 
sttmsttatkm kx! to os% Mx>ut $fte<M& tfec 

prevl^s ^stor^ted <:^>^.^i ; eot wick 

^p^re^fen <rf fee rep>?t^r ««t sfe 
pSV^. pmdi^ -t Wl5«o pp'los wt& ^|>k«4 
by ffiV's^fi. hm&i CAT a-cfiii^ity over 10- 
ktkt in this cm^ m:mm stoitem led 
to tk£ Mt«.^.ts:i<i CAT sys^.tke^ss Thsi ths 
Wm - < iA'T fcso&s slso rfgtct: r^ul^sm^ af ?fie 

sk*ii voctest. $mmt imimMm of t*Jm mm* 
§<:tipitim mtrkvMf tedumd in. the 
pmsmzK ol <kxpr?ha:?n^:, Co^v^^lv, fm 
tt\k mi?k mm&cmt with m MMW-LTR- 



tot the low ki^l tsp? e^slon of &Jm m& tks 

7tw §m&M&$?Mmi rf jM m^lysii:^ lo 
^fegt^ ea^iiart (Sclsdrirh^l rt-^L 1 989:; 

£|^^<:e^S Nil wkk tfcy£ B:;^-C^T 

coMCnjct ^K? : a tMi mtMmmm^f ex- 
pr*»esi (j6¥^> ^pln kd ?o a 
d^«eaw to teal CA"V sy-mteb.. Seru$^ Mim- 

IS fe)W«t. ^ppm^MijMiV ^ lOls^ S^iii?^ 

?;k^0: ^e^i with $ ®fmt3K& pts&mki f m -mdjutt 
mo^rste^ the: i« t>t 'Srsmita j^V^s :i^d p^^>? 

thmic o§x^>oocto^dc ^1 iIm? <>/^# ^e^u^^c^ 
st^tfeg 33 hp Kipmtmi from the tr^sw^kon 

ve<:ior m place ol pP'/s?^ ko so s 3-k> y ^ 

Mii to iktlo m m> Mkk&km&i tMmi, pwmm- 
ably ow&sg.to ^?\irs?:iosi k& tht t$p<mw %y&< 
IMt tmdu were :kMap^&M io s^a^ 
£kij£ ks iNil l- ;?I A <:«Ji^ th« p^ltict msy 
«ert ks «f ect tl»o^ isTOMlo^ of $. 

fer Fo§-med$^>xl srsimckoo of AF- I t^^oo>- 
s$¥o gc^e^ (C^lu . l ^Sk). 

: &tevo ^'ato provkk cvkk:m:<; d>ii? 
1 : <j?s itixd ki^^:^^>^ : re^rcc.ss :;:>$d>>g 
eoous jptmw k^kowjog ^£to*s|.vt?k>o of 
mio^em^la P^kkoo $£odks &w ita ?ks? 
tm§8$ :-kj:e ofr^s^sslo^ is t^<r$kH C^- ^^o 

*9$% Kimig m 1989* Sksw ei si, 
tM% lw ^ ><C, !f<lft Cksk a: .^L... If$k) 

rather $m tht AP4 Htm (%> 3). Tta tke 

f®ct$, A mmhzs ®f'm&mpim ofg $m$l$ una 
m^imm mm iumxkmn$ k Smth. poMvt 
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ssxd negate t^p&ftim kamnt tefc 

commas, tousr^ toe ten j^tewd 
(K$sfe> £990 )> 
lie AF-! sko s^f&csm to the Sk£ ($% 3) 
a*esM&£c tesi i£p£$$k?& by tfae 
&>§«*,$im £ty$np'k:x. in order m iiemmmimm 
S:ks :pk^ok?gk-<iI ^p5:l§o^K«- of ttgth 

(MifiM at, 198^). If si^e teal tmt 
ummtiptim fmm she fm pmmm&t wm 
pkyW^i)^:^f 4$Mtmin£d kv ilH* e«d$gs"> 
m^m k.v^i <4 s^Jto pm$.tm§ mcim^ mi 
■&t -vm thx m$M:mM MmM&$. $*e& mt$& 
■m$&fm &IS*A $hm*k$ defies* tfse pro^&er, 
Cotm.^£etk*K studies ofp$V^>f or & cotiit<d 
plmmki m^'thtf wkk § ?:mxkked Fos-C&X 
or wl&oat fee Af • I. .^pm were 

desr^presste ( Rdoi|| et si, 
ses&fe were ot&«ed m&st 
l>hy5k>k:^ol kv esstyi&g om nu- 

cte ^^>n assays of MlkyB £elfe* ®m tad 
bees* ?:£«!^;&€S;£d. wkh each — €&T 

s&ss&Msv, ^o&w«$\ m to? 
isdpe^^s: MM U$&< the CAT ifS8$o% ikm mm 
oM nm xmum. cor>5.p^elelf to te$&§. toe : & 
£e&dn<-:-d SO-JW *M ilm timxm&i mic (see 
atoStsa.^ e*aL. If S^c Lm^llo et&L, 19?$). 
Usas iy&t.!&mm&timt<)i-8&c n&s$&m% nature 
•of the c-/Os? pro&ioter actsv&v' was. direc%' 
demomtmcd A model :te fe^m p^o^es* 
l>f Stew a. ;*I C mgj&&$n$ tMr <fect 
ksofeg of&e S^-Jsm tt site ad- 

&> rise SgtE-ca«. sl.t<-:r ^omoter aesMif 

pmtttm $uch m SEF 'sskI p62. Slsto e^- 
c^pts tevc bce^ p5-<jp^;d; in ngvttM othm' 
p&MiOi&ss w^e?e ONA immeils- 

for t^e s^^esferoB gem: (C^^toxm 
1.98^) ^skI proi&f i« $&ae { 
mo^d cs at, i-99^> 

M tM stmt mu<Um mmm%t mpmmin^ 
phmnkh k&vz fx« ^<*d ?o direct a compkm 
?egrf«r> f Sictee.. Item k shmM. iM 
mm. thg m^kmmm mmki wm> 
pkMf umkmumi -m& hm mm 



lem or i'.A^> oc>i v ri^. > '■ • k^s^ . < : 

ai., ifi^ Lisdbdlo et s4, sfk, 
15KM>):;: l^owever., f-e? l?^^ : e ^-i 

<Mr^et m^ctem^ m m^gi:%ttd hf <:i\m<+ m 

SEE-Mke se^mt^ce^ a^cl C^rCJ Im:^^*., ^qpm- 

ji^y, d : cl^ik>?i* M she O^mi^. regk;^ led 
£^ 05??:i|3lets ^skm, Use s^m^k^ 

de:fe?MM i he C-I^ms^. 27 mmm Mi4% 

cdmmm ssp^t leaked ^-sth d>e 

oolv i:he O^f^i^.! 1 5 .^Moo .^ciek> 

repf^^>e(<*ssl?s ;$t, V. S&fctomc, pe? • 

<»™ata: ; el ik : W3i e* 
$em«ikl Oe of l?iSe;o:.m $<i lei^p ibc; 

wo**l<j l>e expM te: mthtzmcjH** WHA 
v?m$M Mk Ikcfe cS^ct wl:«1e c^ln Ml»^c 
j^:^ ^Na. would fee <-:xpecte^ ^> fe!oc& repr«^- 



gtrm: r^guka < 5.1. to *x s ^^lt:\ -\< 
toluec<l loss of* Ikoctkm was <>fs; >>ee^0 
regufetary capsdiy m& $tee£ore kd ^ $ 
pmMs>€ $Msx% mxmrly kK:mmmi pmmmm 
x$&iif m4 g^s.e e.scpr^^k$^. 'B>e ofe^rv^v 
toi of.^>eciSe |^n^ o^rwim Mpsi to &§i&y 
wows to tes of tac€&m vm simply the 
re.^kof mmsfseciSc Is^s&k^^ of MessemM 
celW^r toetk>Bi?y «?i^>^o k?sSA. Ilowrver, 
lie €«toste ?!m m mtmxm- m.A4z- 

tmm with tht M^wmkM <xmmmm ouke 
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.results. &&tl$t*ffi& RNA prodt3.ctk>ss was not 
cmillmwi% zimtmctkm or m^minitkm of 
&rge* KNA fcrmslarJoa imgn of target 
product ^7s*h.es&5'was &ot asse$8$d } eon- 
ir ok iMikmg %mm<mmtM UNA im^nmis 
or other specificity or tonicity checks were 
mt <k^a1l>M. Mi tot osse (fig, i) erf fee 
smdseme /bs RNA <:s>s^tj^s<:^ described kv 
chstkd fee &Qmk4&£ m.qitmic%. which £br 
mmimi c-fhs ( 5 f *CGACGHXJA\3 ' ) Is #&M.!Sf 
to the coRS£ft££is sequence |'5*-CCAO 
€AOG( <*>•$': associated with dfict€*$ trails-- 
too?? d? eu&aryo&e mKNA (Sfoasfc 1986) «i 
:su could poten.daliy InMhk £he syft$tse&fe of 
odser ppdtfcinis — perhaps rcpressears. is is of 
kilerest to aose s$ common wMsottt %<mi< 
pkmmuiry Komk.4ik€ sequences oMh&sd 
iwmfeem growth intebkarv properties (Hoist 
es aL 1986^Le<!w?ih et **L 

Use relatiw speed of sras^krti min^eedoas 
experiments has bc&& m&de possible fey eom- 
baimg s M^ir.m: rqpwu* "gene dwtmresm 
srf sequences wkh positive or negative pro- 
ssokr regiibsorv pfs>|W^c$, feus 
% methM of some geijers^ity for amlpfe of 
•ge&e regMJaUoo : A ?3lft$3t*$tt of t!$e anito^e 
mwhaoiSsia ocewrmg to tfa&sk?mly mim* 
ftxtgti cc&s will be ?$.e£es$$sy* 

Several Ikses of svidesKe sugg<m sh&t thfc 
¥m gam pkiys mk? in &ii£w:i?miMUm Md 
de¥ek>pmem:, Thi^> feejadte .high exprs^m 
m cer&dn «mb*yofiic tissue (Adaroor* et si,, 
S9B-V.X the. mtrdrnkm. of rapid mmkmt 
£xpm$m>n m fflSfyv e*di typm up$n 'MMltitm 
<£-^$&&M tim pmmoui iMfm^mmikm (Mutter* 

et &i, 19$$< Omm $mi Morgan 1985), ^ad 
mstaisied e>:prc$$50n disrjng ^m^m^l s^^fa- 

mmyn, 19M*'X Comku^fxi with the^e obser- 
«om> trai>slfectk))tj of EC cdib wiafi. 
expft^ioa veeforsE leads m cloml lues ihat 
exhibit sHCrcmxl Fo.s prosem fevefe-Afid tibe 
abearance ofTfoma^'i »dTmma-$^!»arik> 
m &m Mxmnpmy ^MettmMkm of F9 EC 
Oic-Os m pztkxzi mdMttmMks eels (Mulfcr 



<fevcr s there was poor correlattoo hetwt:s^ th« 
degree of exp^&siio^ -of j'm in a g^veo ckw 
and tfi^ expre5sskm of Jfeu jnarfcers..-i£t s^ddi- 
JfO^, ie^s *fosii:$ 10% of the cells Of give:?-: 
ckmaJ line beciussc dkfiferemlsied fey the cn • 
s.£m of TfOiiia-l »d T^omss-J £%p$%mkm 
(Mtimt t% !9S5> farther, rok >;>fc- 
/Os- m <!i(&^tMi^.tk>^ ^ largely ta^^d i>£Vco* v 
rttfon to itnd h^ beco cM&nged (MSikir 

1987): 

Two groups kv^ -«s?5pkmxS amfee&se fm 
RHk uxlmiqum, Levi ^:id Ckato ( tWB) md 
VMwm<\$ et ad. exai»ined the efce^y 

ijf ffic 'inducers tetmok: (M) and «:yc?k; 
AMP (<:AMP) on ^ni^co.>^-.^§u^r:ea P9 EC 
When these es-ils are exposed m gi$h£? 
M or RA U>go?:^er wxih cAMP itwy 
dijeed to dilfercKtte: over thte f<rf|0W$% 4- 
# d^ to c-eUs with morptMksgk'iy s.^d ?:fk: ■ 
chemsc^l $S;mgar^k^ to visceral, prietnl 
cmkKferm, r^pecdvdy, In lx>eh caw clonal • 
fx>pu.fetk>?i6 ce^fe that cosistltudveiv 
pr^ss ^feeiise c-Jm UNA ^vere a^mused ;^xl 
esKtoge^oiis e : />:^ ?raB<:r^ fevefe wber^ 
titomv® to be reduced or u^detecsabie, ¥out 

i& eMK^.di^elloO:. L^vl arid &%$m (19BB) 
ob^rved morphaksgjol chii^go of xuiU^- 
<m$e--repd^t:ed cells growbsg'^ atiadied c:el& 
m tissue ewktsre, l^^ther> tiw ttmkm m^> 
specific .emhiyo?iie t decs^^ed . w!>& 

£he t^&dser swotMne IlLs^onipai^biikv c<mi> 

so die eoock^io^: ihm, de^>$t^ the pnMound 
mhJbkk^n of %*fix$ zxptvmim, doo.e$ 

dlfecsir;si3tio« HA ireatxnesit. As a n^mk 
of this observation, the expa*c^ioo of c-fm 
wm gx&mimtil m mu^pjlmxl f 9 EC iceJis -m-X 
simSim to M$mn et M, (19B5) and Ym^to 
et siS, { 1990), oo «K:rr<i$£.m e-/^ tr^m:^ipt 
levels was oS>^^.fv^d: w Mmmp&tw &ii£%rm~ 
UMkm iki-dng the first 2 day.s in mnims* so 
previous tes-^k^ (M6llcr s H^H3>. However, 
tteing .as?d dir^ctioo -of dttfercml^to 5sm y 
be Importmi wiab!e:s ia ^d^imdlog the 
rate -of c 

CAMP %xiua:4 iMtmmmmn ming v^rkty 



05 ^^jr^er^: 
cera* s?sdo: 
were ^r< 

<'k veiled 



eellj> that •;:<:•?: 

SOi^0:--i:*v- /> 

id &fm. m 
€$3$." mo*. 
o?' 

RN-a : 
With IA iw.. 

co^^ol eio?>f 
^:k?y — 
&VMi<)T: of : ; ;>;.?. 
&su^e> ?'*e0 

kinase -A*- ; 

tsoa or d'^r;V: 

hibm: some . 
eelte ;md, mo: 
duress si^iio-i 

e?>'?:^t^-:o ■::>.:• ^ 

(N<*F) •>:.• 

feHowed b? 



ill 



of stt&rkm *ped& $>r okte psm^.d as: 

to gft>w& as -ffim&fcCtttd ami aggrq$&cd 
' Whfyosd totef fe£ ox»&: a ssdklssg 
o::omhoiO:gscs] cnteHon itit s;he tern of a well - 
de^ekfrf q>UbeM4te hiftx that tes to 
k^owo £he eoome of 6 d-sp, 8s** 

d:?>g.<r:m>t^ c-fm txpmmlim kti tM$ wnmn wm 
M s%tmm<:m with th&t of lm:km m€ Sldgis 
( m ? ho shotvsed sfe&t okfe MA. alo&t Otf 

&§h fevefe of cfos mBNA Iwfe in ¥9 WC 
cdk sfet jmsim&l oaff after 6 dam Far*- 
$&M $xp?$mmm§ w« awSM ®m with m 
miHzme /&$ ¥<HA-mguhm4 clonal line* 
bating shii bWti.mtkm$$ pkmnM pWmosof 
( cl &fm m XdK^de *'iteg$tfei3ds& E9 EC 
Gfrfls,** above:) Tw*> expressed ;ire- 

<kx:ed or &fc&«'r*i kwl& ofo/os tratssetlftf mi 
protcm and were <:&vok1 of expxssta of 

19 RNA tm^dpss after 4 fes of mdactkm 
■mih UA mi dimmrvhcAMP. Mdm:mm of 
ftmm l mil 7m$m~$ wm $m inkMmi wU& 
mmml ctmts (\$M2nm m\y) hehmcd mr- 
m^h^mM m$gs$£&§ mh^mkm of $hs for- 
mmon of iradetsl e^dod&mi Eowot, the 
ss3tis€»ise-regabil3ed ceil$ were not mMiiied 
&> &e <M&K*s:i^^tkM> ps?.hwsv to^&oer&l en- 
d*:An& sj^ee the v^feoprot^in geoo wii &o 
sh'atod nom&%. 'Hit differetuM Mtet 

$s$X&£&d wtsls C;/os I^KA prod^c- 

dos?. or dopfe fonwtlo^. It: w^s- cono^s<k^3 
t$m z-fm mtlMtm t&pmmkm efecti.wl^ 
•b^s^ soose aspects of cMefe«ti^xo.O: m W 
mih zmi. mm<i>vvt : tkv nxUmx-t iyi c-fm mi 
4l$Mmsxmim U $p$£Mc m pssktul m- 

Tim mh. or C'Jm mpUM&m. k\ 

o^sfe te; ate heCT (Kl^%- iissil 

¥^ : m% 1<>SS ). Mdksois o( 53c? ve growth 

C;/d^ wfek'fe is in 3$ w fro mm and 

renmm t<* 'testes In. &bm& 2 hr. 

oaigfowfe in diip . Addition of a 



|>dO? 5SLi?5^l^-K>^ With kKkiCCf k4 to 80 

100/S Ifihibktios of pmtda' cxpr«?s»te 
50 min sdMkm at MGE Mmvevet, ■ 
£Osmt d^fec^^stio-n folio-w^i rs^n^^Iy .*nd 
it wm comdxid^d thm. HQ$<$t*m$3$M£il &:/m 
€Xpzxm&<m wm not n&£<M&$f fer ^Gf-^j?^- 

Tht rnmhumd tt:m&& %how xhM the um m 

^io^-iO:dsiCs.ng sgcn^ ^i}sm\slate trsn^icoi 
escp^^km of c-/^f> ihk appear* ro 

tHi ?o d^fer eatfes^ost in »if» 

(e.g., Mofler «l Mstd^ll. a 

CMishr^x^v 1*17; Kiady and V«rm^ !9BB>- 

rapped, cte 4si«:^os.^do^ of 1^9 EC cdls 
.m& tikis m to p-srk^i$J «^fedej v m 

«|>?<^k)0. of cms^s o:^s&>f- 
msstoK Ib w$K£pi\i>fe cell typos (NMikr.os d,, 
19B4; Mzytmm& tt al,. I 9S:9> including p^i- 
mas? HhrobMt (Iba ^ -aL, mk! c^y^o 

lo mm^^jc msm (Mi&hzr A, 19B7, 

osod ^omtlomo^ ^h^:^. of m 
t}m tmvhmimt oimrnxm. Ms. wide v&ri^tv wl : 
othor pr0tooo<:og^no$ focks4?.ng c-Hs- 
c««> ami v -ot< : €*j(b$ opwki msy 
be ^entj;>J ?hi 4 prx ue ^ ^ ?^ 
matfeM-rdMeii prcxtem ^sel). ^ o-<ui,sio .-^od 
^jfOcwHv^-« aid < r rs\ w i <*tis^ §*\ 

•{^MhM^M>er. er ai y 1990). €*f®$ fe 
ocprosed M the i.majorJsy of taM osw> 

m$£&fzm& hmn uselkii -ekj.c^^^g jfje^ c 



A> l*Mk Ikw &t ^t, I9#;i : : m%tm% u st : 
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3984; Leai e$ l98S)or booxao Ostrke 
4St 'M.> wg&tin or. id,, I$84* { Jcsh.«««o«s es 

. ; vH : v keio et :af. " : 08 ; >. Stes-ett* et .d ; 

39$?§X wf^eSrewode h&m&te%gi e*s the B<h^m 
Of plmei^t d^.rwt:<S growtb idw(TOF) t Is 
on- abb dux* of primary bb-obtevt e«3t Hrscs 
kxe:& ?o eomp^&e: rrsm;£bm^&UOtt *sx<:lwdi^g 
tiio-ii)?-^^^^ Similar* albeit leea desroMse 
result, hokl for the A<ta»to ztf- l*t>Q$ 
mmm m ai , 19BB), Ifxm the oh^.rva.rd>o:s of 

•eOOSSSSUO:.*!* ' <r e.ovaOxs ?:"<* p ^-*i»J<i« o- i..? : C ^ 

ootb of these prmh^cts Is? s I&r^e ?i%g^&$? of 
bu.o$:-r; rvoax < X&hfc* J > fs provocative 

arid *og£v. si- b at orsc Of Oiore of She three 
potable ss^lome* os' ITOF^otA^ of 
&B* or AB efmio com&imtlo&s^m&y play 
Important, rote ?.o oxro oogenous (see Table I 
lor ref^reoer:^). Mmw of obese s*osaor £y|>es 
have oa^oo showo o:> oap*es* oo.e or Ootb of 
tt?e. m> eo^xae reec^oae* of f^DC*!* £TdfeS& 
1>. Th«£ 3tH$»cr£**e ^&n«£$3$ik£tt of rbe*e .to* 
ceptors by PiK*¥ moiee**§e& heejs gK>s* 

growth of these tumors Ce.g,, Carres m at, 
ifWM; €£ ;4 .1964; l^xShote et &l t9&&$ 

iVHrsoj t:t af ?.9TO )- 5n view of She eieoroOdl 
role of e^fes b? FOOl^^.to^M^I g:towtfe It 

»fv ii^: ,s fJU* * '» ^ J ^O OaO<: OX 

drare ssaHlepeedeot o:oo:or>roisaooo 

T>ba bypotbeslV wiss by prep&rmg 

atsbk ekmal fb*es of w sr&ovformed NIH>- 

sipped to e^pre^ a^tis^^sc /ds 

RfMA (Mem>b es: si.. iOST. ?^aa>. |M to^- 

os«k v m<*MS«r -/o« £rom tJie 5' -rio^scmling re- 
g$o& ^ml e^rs^l^g. ^ppro5sima^J v teli^w 
th^oijig?? th^ 5<sc<md e^r>?>., Le., overlapping 
^??'l.^e?is«;/s>^ co^tel^ described al>«>w, 

or wi5i> a r>teo>id ^nt^rnks^ a sesi«ie-arktr!ited 

tef m. ^^ixM^pmmm^My 4m: m con* 
iinrsoois ^csmol^#os by o^c product 
llcwcv^r, ?r§s: ^?mI^os^ rr?go|:sr^d cells m> 

s&sij* 5f?<*.^: o-f Nlri ^;r;4 ocO^. Vtev &mi$m*m:~ 

a imter anr! larger eel! morptologv', lie- 



cr<^so4 growth fate, m<§ toration %>t con- 
tm;$ l$xhitnm>n m fy-^god by too .t'^mergwee' 
Of & s^tsrmiOJS with ovt\r TO ol" 

celfe srj C^/C3 : : of ite oerl oyd^- > r. |> 

.^m^a i^i^Cs^^ ?o *sfe:r more o^>id gjx:wtb 
s^d loss of cutset iiOihlb^lo ?^ 

Ikjwptr, o-vojroxpre^jon os' itom^ oor 
sp|>^r m be mmetemitw tm^mmxum. The 
^rl§^:^>-r«p*k^^l cells a^o exMb^^d a?v- 
ch<..^..xjo? joijcfK ?v;k^^r growth ^.nd o^oo.ir?- 
^erilclry wfsl? ^ *k?w gmwth rsoo 

(Merml^ e?' ab f i<^> Tbos oiobos Lb?.- $$v 

had acquired ad<iM:^«^l «:r5$:??^brmmp at 
Mrsti£s^ ; or rtere ^ist siddHiotml- ^is d^- 

soq^sr<-:i.t g<a\otio oliiiO:^si:^ ariis<vs wts^ia 

ooo£e^3plMif^g the aigolrkaoico of the ats -^o> 
toertne apps:re?:iS: m tbe ^:wr<;w ^od 

sLo^tsplold ^iamiatra t^mor :toe^ <^>" T^hle I t 
Ta dissloi^iish ^mof^g ti^ese- $K**siNlusc* we 
^mdied reversible tf^t^forms^oo. of Mjfi^TS 
cel^ besiriog an iodx^ejole t^jo^aMoEbiooeiio — 
v-<5'# cWBia (Csir|>erj?er et siL> i<)B^> iwi % 
Yh<:*£ cclH ex^ ohio^d zkio ds|>eodeo5; :aod re 
^ersihle stsosrbrm iiooo, ; xOg<:o'i Oy tooo 
pb<4ogj\ grow(if rme> loss of cootset mlaibb 
tkstss, 5&$d si^ehoi^ige e?d^e|>e?tdem grotto- ( 
6>. This^- s^^ependeoi- pad>w<o; ;dooe a> 
SidHeies^? ^r ?t:an*f05 rr>^.t:n:^-: vitfO, 3l<:-w 
ever, >.o viv<> repeated two ^poov 

$ ^>n$i jismoje ceife <l^g. " r > Ccll^ ^beol- 
rurod iroos lo of IS s^o^ora, all <0.1 aod 
•^'21 da.^^ Isa sge >: reversed to a -stormal plsm- 
otvg>e l>>- foe* r erlc-er^ hot coold he i?§doced 
to tr^t?:s.^>rst? by ^he ^ditio^ of xtoe.. Ilio^ 
livedo mmor cells were also t^veraihly trar^s- 
fe^eEsod, srgwmg ehat; Mlvatiioo of the vo^a 
^.c-tjeritic k>or> ^k>ne m -mMwrnrnt ibr e^rda- 
tioo of oovoors. e cells Irom the remaiomg aoo; 
yrger, 0,5 :r. 07 majors did no^ fevers hy 
:^:o.v erdetia as^d therefore heoos?se srree> 
er^5.h;H> er;aoArroed |o vivo (e%. '? > i^tes 

^J^tl^m^ Of $SiXJM>?- £>MA v^XOOSTt.--!^ t.biit tl a:NX:' 

was ^ro«« ds a^ge is^ pMT*t« m-s«rt i*^^ 
North^ro ansslys;?:s of RolA. If om eert;do srre- 
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e&hsbis >:^3»^r?to of contact i&hibMm (A) 
Th<- y kxis $.v*$ £te fms§ ^w&M$>u dmsky 
£&iti£d ^Ikmiag pl&tmg s&e <ten$&y slsow?? on 

prt, 4 day.*.. pa*«m&£ e^*; SSVaMT, 

c<^5ir<4 cells ( mm&yrmM '$*tlh$ti s«JSs 
£rm*fe>xd wish pWZnm ami am?k*uei$ p&s- 

average i>f sis ckm^. l *$ws thm am&ense- 



L.J 



cm* evw ijf smkd sif 'tet deftstsy 4 *;&y$ ptx*r to 

^iy, NoSfSfeaS to <Ks»Hy (>■" 'axis} am^:i3fc:N 
^gul^^d ai^ exhibit s. hi^Kf ^?<5fx>s:5k)» v$ 
qsmMcm -£m& ihm vise c<?j'r& > «f>cj'^^; c^^tf^l 



m;3.i?K-<j. i.$st^<:t:. Tlx;; •i.^mbto€<S- oi>S^rvMkmS 
$^;gg£M xhm. §&i£i#U$& tumot growth is ^> 

in ym\ Thm m mm^i^X si$ gene msty sxsi- 

fer the t®m$ immm mmm types ttefctcost- 
timidly £&press £-$(s T^bk I ), & may 

chm^m to occur :^s>d coti- 

trshute to the phe^typ^ by the flme ttec 



tabors ^<re ctokMly cvitknt Tim -a muU^ 
step <>can;>n ^1<I Vogetedn, mo<k! 
be^t a<cc<Hins.$ for the susst o;f ^-aks, 

iix stwMes cmid out in. pmtIM m i&fc 
pfe of c^flw autoregulatids, Sdbomhal ct 
('i988a3 observed 'that NJit-JI-? wife co- 
msnsfeefcaj with & tcp-onx? commm con- 
saiah'tg biding seq^erK'e of tha im- 

mm mll&g&smst pmnmtz* together with 
pm^^eo^ ac&vafcm of c^jfecs ssuccfe ^ 
LTRr'c-Ba'/'jsss; ^o^ f or -.w e^hibat^d prom* 
ment sm& tk:^mm^m}m^^p^mkmi CAT 
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& TiTO>:^ Bfp&Tsfr- 

tyiccth <>b$£rml site? powth (tvpkx^ivy 

piFe^KSce of s&c $<> diat fes. femce of 
Use avsrsge 01 o£ fej.it &K8ep&N^e»t cta<:$ >:>f 



whmsft the average Cli itf cmnml d^rnt w& 

it s . A^pm^^^^^lv half she fwrmr vii> : ^n?jr-.-<> 
grew as te*. ifm$wim&& csiis is* sh<? 

vMd^g m wm$$£ : . <>i $f sMs #1 tils ± 

ravwesl t<> & ft&sm&S: p&eaKKyp£ with $x*$:smf mm- 
P < ®m% HzK btxi hm> Mt m%mt£: : opes b*s% 



li 
II 



sy^tteki. CA T ^yr^h^b ijictes^ed to a 
iMiii shM. observed whe?i Fo^ wx^ o^^tesc- 
prc«<! hf pWfm while noeprMuciiiv^: 
mute Irrek'mnt pl$tsmk% Imd m> rf- 
feet.. The d^ee ancogc:sie cK^jc^oo veeso^ 

M& To det«mHii«: whedk:? ;scUv&t&>:ft t$£ ifeit 
colk^n pronK>u:f ^fetkm 
^d^ge^^s -sA imm 



were tf^mfe^ed -wtth the c<>:li<sp^-i pro- 
$m^ s r-->C<VF qm^M wife or pSV^^f' 

key n>k: ks t^tsssdyc^OB by sbe^e agmis, 



5|: 



c<?^5 sesM-f w??sf^-«^d ^-^:h: gM txm ^H%^nmM'tm cel^> £xli*i&ts: .&;mr ^mkM. .g.ra\^^ m»t^ : ^- 
j^fhiiiwsi?, sfef i 2 ^^>s;h«te?, CB ; ) €<>k«m^ mxsv^ml tern ?«5::dwk<^l«^^ »s =d 
f>y itf03:f5.K;«$ ^••stJ.j ?.:r>p^in ^.hlbit ^vfK^d^^^der^ p0w^ in mh \\lxm?m&<* tiw< v h'bk and 
ftsifcatf call v ^c;^e j^cpot! Ho^wr,. ^fs^i^^o^ occ^^ .^te 4 .w^e^. .;^>^:-^<^ 



1 
I 




oasasot ttimmtmmt^- hf sMJm, m% or 

E| :cJi^w>^«5^>rm^ MII-ST : | oeBs 'tee 
fe« studied s& detail s$ 

tht mmm&:i% Boh €t al 
i !-;>B6} : . mb.te trsmfe-t?^:d d*>si<-:* the 

cA were ^fes%J ami- 
tel, A* fessr SSV<#S5 cdfe (Mfereof* sis 
mii$m$&J&$ INA &qptGs$fi& foil io 

phi}k>$UM c.hmgs:, sitawer ipswfe •rss* 
iMii of coMa&s M^kkm &$ ^^ite 

%$<:m$fo (stasis? efe^ (I ^gtense 

she ^ j^to^t^&^^«4 cdfe §>:m$ed is's Msy^se 

dirked kMslfes of mmm §rowis rose was 

skm is mgdxi&i fhr m$ imMmmmkm. The 
$tml%$ m% w&wsU'M W&h osl« %m<li£$- 

it b £o$&$ m for w&»im&jfc& 
EMA :cspressi$& In ^l^lir^fem^ cells 

mpzmmm mm smmmtzd m% %mi$ w&h m&« 
ptak*pc;sl arcd gmwds mm pmpmsms hut 

c : (m levefe mtsp&$& ffee medm&km by 
whlcft 0£$~«<:ci s<83$&<:i sAsfeiJS dxv:&km 

^sc<? &om te flute of m> l>NA Mmii^ 

^5W?pr^c plfsw^p. i^llKXl^ tee 

es^pteal &> explore ?^e41feR^M sote 

lit teteikb 2 (!L1>| p« (11 toape^ 



hm mn c-jfun mjtm4y :m4 m<m$f mdm<: 
&fm m&jWB hm ®mfm4. AMitkmt^ $\m« 

feg rssgk^s fed: ^Mfem)SMl. ^te^ sr^i 

tohgjfed s2%|>re^>?5 fern & ?qwts:r c<:^> 
M*-l tmi tm tiftm ?M %xpmmo$\ oltfm 

11m- ir^ls^ ^i^exi the 
bars by m& of mei^xfe-. 

»cfeatto> hf the c-jun ptmhsct ptmMy tim 

wms% %mzi$m- m:mH§ kmc Im&& #hm?% > £.$ m 
3T5 mi-^i.^- ^:b:m:bl^?:^, SK-B^ 5 hi5i^i^s 
Mtoms c^i?:^ F€ I "i ( 

pSMe to feebly ^®tte& i I k? > cells, si 

m te^et! p^wfk wMch ^aik : 

J$m>i> in die ^mstemM kxl so a 

i^if w^silc to the -^ttesj boo** 

steito ^> will W^li .^^a^Ci^e t0 

:^4etK«! p^wtfs m "$'f$ M$4SK.-Br-3 celb 
Mpirf io ceife trc^^d. m ^igo^r 

tte of IM o>mp:!em<?s:ito to fee 

1-2. Ht€ result* WW l^to JO s>^<:^; fa 



dOWS5 v .' : 



gs^tiu§ >■'•: >> e 
cx^li-:"^:'# 'y-i 

wfefes^^o 0: 

£3$ mdv--.:v-.:4 



^bo ju^ 




Jm$4l 



7mmm m ®m <>£'& tet% of mml'^^msl- 

m&. mm tmxlkm m^mmmis vsa 
d#w& of coL^igoo sb4 extf&edlBfer ms^dx 
proteins (fc & review ^Imtte^ sb4 Ho* 
gnu, 1990 > Itaosift 1$ IsAced hf POGf, o^- 
kkr?ml $rwtfa f$s<t<>r (B€?F) V v^xs, Il m$> 

8j$tt«* ^ ft* ctfte Mtiftftodl rti r }») 
«&$BiBod sfsfelj' trs^M^it^t ^01-513- ctft 
besrmg fee de^^m^:du^>a€ lnd^l>kt cm* 

trm$a:lp. levels were &e$rty eisai- 
mt&$ hi iht ptisMmx Bf &^mmhm*m y 
wherein m the $b$&&eg of sserokl *b: %nik 
BGf\. trails* iMiKtlo** occaned ti0tm&?ff :S . 
m$ggm§^ tot toB: /«x^kpm<l^m 
l5^t|^B.<k-«l: p&slswsvs fo? she mm ggsmtk 

mmm €xm m mu> : $T5 cgfi& B^$<tzpm&» 

cm m4w:t\<m $3 trMishu hm b$x& 
m mi- i ctM mm$mw$xt$te mitmmm:Jm $M 
Jm ctmptemmiMf m the imt IS eofc 
m<$mMt$ m well m> tte miimmz 

sstipi wl*k-h wm kMimmt by 

<tej?rh ? ^d woe s:r<M&d w&fa 
mosmse t>£3& piM%- »Mi«al^ Sas 
:SB;il jte W££e d^lBSSod »ll *£SB- 
^dpsfes. was rtxksoM bf :<i ty?sJ to at IMt 

ttemt&e Lb KF tadiiced trmsb: ^jIO^A 
kvds wa^ <*terv^4.fe-.^^if «B^fet€4 cell 

to l^d^ced k* vlw bj MM. 
pi) 

growth rcimlleg cisx^ jb. jb^j (fer a 
ralew see M« et ai> 1990), e^^iepc^- 



«t sl-> 1990 X sml p*?^lve iB^%csk>^ of 

«l«<^c« -^jkI dckx'to Srt^Jk^ taplte&rxl two 
Al* : -1: t>k5«l5Bg -site c^s ^^toi ^^te^u-- 
te.^. ^igg^£«:5g ;.5S; lor ife R>^-J\^i 

at these ^ pO:B;fkd i : <if*> - |iij5 

» M ssMi^eM^ pM m& jum ¥Mh -t^pttmim 
pimmkl% (Kim ci %K 199&) mkt% the mih- 
mnsg jun- $mmmc$. of EMh:^; C^^ (Fig. 4 1 

fag^^Bt oOfclt ( in ®m$un$$im 

mB-ter, la e^i'rim-e^t^ Mmte thos<c for 
the S£fMlvsi« of ^^m^teto^ A^49 

WlS:l5 si pl^^BM £BB£M$W$$. ^ TGF-g I 

tossse Ovfe m o : /&^ or c«'«iE : B^; pL^vii^d D^A, 
In tlie |>r«^ce ^ oslse? samtow I^A ox- 

W^tl^SSi: 11 i^li^ii;^ bf 80% - Is:-: w^§c 

«|>res$io^ rf.teh }\$n m& $m mmpm^m 
<sf the M*--'1. comp-ks: is requkco« 

&>bM potoo^i efc-t of c- 

Ib oatMo Iws l^tm^ C'Wu et &L l^>), 

P»SFEC1S AMI 

Mliw ^mpf 'm m mr-mmt; pom*- 
tM of mti^r^ tec^iq^c, lo il^e of 

s;p-^ffiit Mm$ oi-iUt tztmlU. <k^critel tee., 
es§>£c£&% iBr &e mi« prol;i5BB<x>fc:oo^, ; 
rn^p^rt ttte emergsBg view ste c^ ^m! c- 

pOp-^S Of <:0*WC^BC£ OlA^t?^ 

» ttee §eo<s jB^f 
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fersd^esisl rok:^ is esss?? teisl ee%(Vogt 
SXtti te,. M&HL fer «aBp:k\ 

may fee e«r>tM for ftosmai cdl divbwo 
'm |i>robtom. Tkm fe use ef mii«c fm 
mid jim 1N& « MM m 4mmmnM t§mm 
m mttml cells and tmy bs s prog ssse srf tim 
p<ntm\M :ipe<Mcky of tk£ &R$i$£&$£.3g}~ 
prmA Wm$Sm\ sofe >;>f c : /os 1$ 

$k>& of ea&s&s ^>MkxK»«0m 

ofeserw$ in jM>rs> ev-ess xn. rsimor 

£vp£* tost :af£: dc«iy oeto<:<! to v- 
pmtmm4 mmixm mmon ( W® ei i^> X 
W e .$xmy$m4 $M of pmtek* 

fe* 50 tamain sssfe*g a. variety 

of specie s^tsseni 31 8ve coBcesstoUosss $nd 

mhm by mikrml^lso^trf &r by mems of 
a pss?^'<*f ttee fctakssd g^:hofog&$:s (Wo its 

Ml <>£ <to ; m^ordmg ^ m^M fm 
immumiixtMim wm um4 u> $h$m tim <>i% 

<^?^ge s&cre$$£f jb i&>s *x&pr-e$&U>tt was 13 

(Wn ct .Slmfeiv t in tbe case of El 

a pro<:*.\*$ tMt & he&sved eo fleap&ed 
&cdV3£te'?ri of" iM:f^se^ Or/OS £f aosef ip- 
tk*si was otomisi so the B! fia* 

e^llteM ce.fe she afesteiy of asMesf 
grows!* S&ct&rs 5:0 sndoox v o*/#$ mmserspfen 

^4rm^>n«l <^lfe el si, 1990). 



tkm mm Usgh smi vamimt c-$m exptm%km. 
wm <w$f ■sU^SW ki£wM&& in n minority of 

tto, while ^& am! &Jbs w£$€ mm 
mmlf mpfmwd in. $ $mm &f 12 immmmr- 
mam cdl Iki^ ?>r yopsses, fere w^s Slttte 
ci>mi^m On immhm hMui, U mm foe stefc 



on $kmt m$£$ptMilt$\ for e^ts^kt, B, W^- 

€o«MKiioioitk?^} taw prepared s 

bv w ill |M^»x few f*^ 
pared chimeric mto d^fiv^d fr^m » 

MI'C^fM o>ts^ms<:^;, si! w^^ 3 ; vlfid IT^, 
11*e dlsm!mtk>n 6f fm gxpnxsiim. 9m 

mm<sp?Mlkf sfMMs pr^cumff c# so- the 
A fed. wat dedv^s froiss tlx? Jack of «v 

or/#^. R^A. 8v«$j fer site tvw repori-M <:^<^ 

Ixdwith sL, i ?^#) ®&h 

mm m4 other raecb&^M^ fe^nsr^ of srs m- 

$«4 <i 4mrnnmmkm of "the dfacy 
of m^xm.fi>$ orjun EN A m mpprvmm 
of $&&4 tumor v?v^ fe^r^l- 

Ms$^y of the ^w^mxl here pm- 

vide evfek^oe fer fe siksicy of 
1NA sj5 » ^^ydol iooi a|^ro)s<;h rri.sy 
fe£ M mt M 4ummt\mg the rofc of c- 
jtm., mid m\wt p$&&ml$ M to^^^^med. 

sipp^^d^ k 4%€. me of £o m^dv 

&$>ctk>rf dMfcj x*«ces l>c:iw«e.« me^k^ ®f 

WHM wish mt$m$K&% c&mpUmwmmy m to • 
dlykl«,sl ¥m m*4)un tmnlf mmskmts mm h& 

m\4 $cMh\^.tmm T 1991% Thm & will 
•coms^b^bfe ioiicw? to determine wteter 

ito $m cm foe sarpid sq^ra^lv fern urn- 
versa! or ^*$en£|a| ^pgj trM.^kciion psslv 
way^ Ee«£i£ »dkis tee dMSed ste* 

ixlr.emj ^ppre^f gesie^ m several cm1i;?o- 



;:-:.i;: 



^:c- : 



b<- :::. :' ■ 




imm.w typg* iht &&qm$i$km in timt of 
immbm &$ recorri$g gmwtk: sker^o^ hm 
m vmt^i tx*mbiMtkms depending ma the 
particular tismor* 3|)$>£&r$ m be & ?&g$$tt$bJ& 
espma&k^,. lite fey 'ilk* of 8 ssrics 

it mw p«s*fek: to t$M 
^Jtk^ivK-fc b;;:' ort ge« OO p:kem> 

type of **.smo<e ■ cells .to teae culture fertbcn 
&$ fee wgcss of goss repf &*k>a 

Income know**, tm$ be f&&$i£j$$ &i $pf h> 
m&mm SNA m tee irp and &r*te 
m&i^-^aad rewmN^iM* of l« 

target im ih€ mimMmtMw ($t$f#ttHor) 
$tm hm feeea m$$sM&& m be im$M 
(&<$Mxnti $L S9f0i tot? ssAm&f&on 
be of v^ksc at ki\0mug ik& m^.^pejmr<^ 
ll^mMc MtmMmm, m mihtf\mx$ Mmim t m4 
m <k€mm§ a minimum. I« *>f t3#$e$ gems- for 
s. gttfettftl $:b*m*py. Tta by -g.. c^pbi--- 

she: * : pn:*ik :> of $ parf tailar ftimor 

I? mm be pxmM& m urn temm: 4mm 
<ii smmmt $$mB tMt m: tas dm^mmml 

get&g d«i:>k^^«d«:4 P^A mui d&vmng 
kyttm *>( iMA mhit m m^mmic 
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Expression of Antisense RNA against Initiation Factor eIF-4E 
mRNA in HeLa Cells Results in Lengthened Cell Division 
Times, Diminished Translation Rates, and Reduced Levels 
of Both eIF-4E and the p220 Component of eIF-4F 
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HeLa cells were transformed to express antisense RNA against initiation factor eIF-4E mRNA from an 
inducible promoter. In the absence of inducer, these cells (AS cells) were morphologically similar to control 
cells but grew four- to sevenfold more slowly. Induction of antisense RNA production was lethal. Both eIF-4E 
mRNA and protein levels were reduced in proportion to the degree of antisense RNA expression, as were the 
rates of protein synthesis in vivo and in vitro. Polysomes were disaggregated with a concomitant increase in 
ribosomal subunits. Translation in vitro was restored by addition of the initiation factor complex eIF-4F but 
not by eIF-4E alone. Immunological analysis revealed that the p220 component of eIF-4F was decreased in 
extracts of AS cells and undetectable in AS cells treated with inducer, suggesting that p220 and eIF-4E levels 
are coordinately regulated. eIF-4A, another component of eIF-4F, was unaltered. 



Formation of the 48S initiation complex is an ATP- 
dependent process whereby mRNA becomes bound to the 
43S initiation complex (3, 61). This is considered to be the 
rate-limiting step in protein synthesis under normal (e.g., 
non-virus-infected) conditions, a conclusion that is based on 
the observations that (i) 48S complexes are considerably less 
abundant than 43S complexes (11) and can usually be 
detected only in the presence of inhibitors (56) and (ii) the 
ATP-dependent step of initiation is rate limiting (42). The 
polypeptides which are most directly involved in binding of 
mRNA to the 43S complex belong to the eIF-4 group of 
initiation factors (reviewed in references 49 and 58): eIF-4A, 
a 46-kDa RNA-dependent ATPase; eIF-4B, an 80-kDa poly- 
peptide which stimulates the activity of eIF-4A; eIF-4E, a 
25-kDa cap-binding protein; and a 220-kDa component re- 
ferred to as either p220 (23) or eIF-4F7 (55). Collectively, 
these factors carry out the ATP-dependent unwinding of 
secondary structure in mRNA beginning from the 5' termi- 
nus, which accompanies (or precedes) the migration of the 
40S ribosomal subunit to the initiation codon. 

eIF-4E is a phosphoprotein and exists as a mixture of 
phosphorylated and unphosphorylated forms in rabbit retic- 
ulocytes (51) and HeLa cells (8, 16). The overall rate of 
protein synthesis is correlated with the degree of eIF-4E 
phosphorylation in a number of systems: both are decreased 
in HeLa cells following heat shock (16) and during mitosis 
(5), and both are increased in reticulocytes stimulated with 
phorbol esters (47), 3T3 LI or HIR 3.5 cells stimulated with 
insulin (41, 48), 3T3 fibroblasts stimulated with serum (34), B 
lymphocytes stimulated with bacterial lipopolysaccharide or 
phorbol esters (53), and epithelial cells stimulated with 
epidermal growth factor (15). Furthermore, whereas eIF-4E 
accompanies the transfer of mRNA to the 48S initiation 
complex (29), a variant containing Ala rather than Ser at the 
major phosphorylation site (designated the [Ala 53 ]eIF-4E 
variant) fails to be transferred (33). These observations 
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suggest that phosphorylation of eIF-4E is obligatory for its 
action in the transfer of mRNA to the 43S initiation complex. 

More direct evidence that eIF-4E plays an important role 
in controlling the overall rate of protein synthesis comes 
from cell transfection studies with vectors expressing elF- 
4E. Overexpression of eIF-4E by three- to eightfold over 
endogenous levels causes shortening of cell doubling times 
and loss of contact inhibition of rat fibroblasts (40) and HeLa 
cells (12). Transfection with vectors expressing the 
[Ala 53 ]eIF-4E variant does not cause these effects. These 
results, together with the knowledge that eIF-4E is the least 
abundant of the initiation factors (16) and is present at only 
1/10 the molar concentration of mRNA (29), implicate 
eIF-4E as a major determinant of the overall rate of protein 
synthesis. 

The role of p220 in initiation is less well defined. p220 can 
be isolated from high-salt-treated cell lysates or ribosomal 
pellets in complexes with eIF-4E alone (9, 22), with eIF-4A 
and eIF-4E (17, 26) (in this case the complex is termed 
eIF-4F), with eIF-4A, eIF-4B, and eIF-4E (26), and with 
eIF-3 (27). Whereas eIF-4E alone was originally reported to 
restore protein synthesis to extracts of poliovirus-infected 
cells (62), subsequent studies indicated that high-molecular- 
weight complexes containing p220 as well as eIF-4E were 
required (60). An explanation for this was provided by the 
finding that poliovirus infection causes proteolytic cleavage 
of p220 (23). Buckley and Ehrenfeld (9), on the other hand, 
could not demonstrate the existence of a p220:eIF-4E com- 
plex in the total cytoplasmic extract of HeLa cells not 
treated with high salt. Thus, while it is clear that p220 is 
intimately involved in the formation of 48S initiation com- 
plexes involving capped mRNA, neither its mechanism of 
action nor the nature of its interactions with other initiation 
factor polypeptides or with the 40S ribosome is fully under- 
stood. 

In this study, we have further explored the role of eIF-4E 
by expressing antisense RNA (AS RNA) against eIF-4E 
mRNA. The results are consistent with the idea that eIF-4E 
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plays a key role in determining the overall rate of protein 
synthesis and cellular growth. Unexpectedly, we also found 
that expression of AS RNA reduced the level of p220 as well 
as the level of eIF-4E. 

MATERIALS AND METHODS 

Plasmids and oligonucleotides. The Escherichia co//-mam- 
malian shuttle vector RDB, which replicates episomally, has 
been described previously (12, 13). RDB-0 is the vector 
alone, containing no inducible promoter or antisense se- 
quences. Plasmid pG-eIF-4E is pGem-7Zf(+) (Promega Bio- 
tec) containing the human eIF-4E cDNA from plasmid 
pTCEEC (12). 

All oligonucleotides were synthesized at the University of 
Kentucky Macromolecular Synthesis Facility. These are (i) 
antisense oligonucleotide 5'-AGTCGCCATCTTAGATCGAT- 
3', complementary to nucleotides (nt) -11 to +9 of human 
eIF-4E mRNA (numbering system of Rychlik et al. [50]); (ii) 
polymerase chain reaction (PCR) 5' primer 5'-TACACATCC 
CC AG A ATCC AT AA AT-3 ' , the same sense as nt 885 to 909 
of eIF-4E mRNA; and (iii) PCR 3' primer 5 -TAACCAA 
AGCA AAATA ACCTAAGT-3 ' , complementary to nt 1520 
to 1544 eIF-4E mRNA. Optimal annealing temperatures for 
PCR were calculated by using the computer program 
OL1GO (52). PCR conditions using these temperatures were 
then optimized to produce a single product. 

The vector to express AS RNA against eIF-4E mRNA was 
constructed from RDB-DRE (13) by insertion of a double- 
stranded form of the antisense oligonucleotide into the Xbal 
site of the polylinker. E. coli JM110 cells were transformed, 
and plasmids from ampicillin-resistant colonies were 
screened for the presence of a Clal site, which is created by 
the insertion of the antisense oligonucleotide. The fidelity of 
the construction and orientation of the insert were confirmed 
by DNA sequencing. The plasmid containing the antisense 
sequence in the proper orientation was called RDB- AS. 

Cell culture, transfection protocols, and selection of G418- 
resistant clones were carried out as described previously 
(12). Where indicated, 10 nM tetrachlorodibenzo-p-dioxin 
(TCDD) was added to the culture medium. 

Determination of RNA levels. RNA was isolated as follows. 
Cells were resuspended in N-2-hydroxyethylpiperazine-W- 
2-ethane sulfonic acid (HEPES)-buffered saline containing 2 
mM EDTA. After pelleting by centrifugation at 800 x g, they 
were resuspended in 0.5 ml of lysis buffer (50 mM Tris, 0.5% 
sodium dodecyl sulfate [SDS], 0.1 mg of proteinase K per 
ml; adjusted to pH 7.2) and incubated at 37°C for 6 h. The 
NaCl concentration was then adjusted to 1 M, and the 
samples were kept on ice overnight to precipitate the bulk of 
the chromosomal DNA. After a 5-min centrifugation, the 
supernatant was phenol extracted once, and nucleic acids 
were precipitated and washed with 70% ethanol. Total RNA 
was resuspended in 50 mM Tris-2.5 mM EDTA, pH 7.2. 
Integrity of the RNA was assessed by denaturing agarose gel 
electrophoresis. For the PCR quantitations, RNA was fur- 
ther treated with DNase (RQI; Promega), phenol-chloro- 
form-isoamyl alcohol extracted, and ethanol precipitated. 
RNA concentrations were determined spectrophotometri- 
cally. 

RNase protection assay. A 771-base, minus-sense probe 
was generated by in vitro transcription with SP6 polymerase 
of pG-eIF-4E linearized at the Accl site. Transcription 
reaction mixes contained (in a total volume of 20 |jl1) 40 mM 
Tris-HCl (pH 7.9), 6 mM MgCl 2 , 10 mM NaCl, 2 mM 
spermidine, 10 mM dithiothreitol, 0.4 mM each ATP, CTP, 



and GTP, 0.2 mCi of [5,6- 3 H]UTP, and 1 jxg of pG-eIF-4E. 
Transcription reaction mixes were incubated 1 h at 37°C and 
then heated to 70°C for 5 min. DNase RQI (5 U) was added, 
and the samples were incubated at 30°C for 15 min. Samples 
were adjusted to 10 mM EDTA and 0.2 M NaCl and 
extracted with phenol-chloroform, and the RNA was precip- 
itated with 3 volumes of ethanol. The precipitate was washed 
once with 70% ethanol and dried. The probe thus produced 
had a specific activity of 2.3 x 10 7 cpm/|xg. Test RNA was 
annealed to the probe (2 x 10 5 cpm) overnight at 50°C in 50 
ul of a solution containing 40 mM piperazine-7V,W-bis(2- 
ethanesulfonic acid) (PIPES; pH 6.7), 0.4 M NaCl, 1 mM 
EDTA, and 80% formamide. Then 0.3 ml of an ice-cold 
solution containing 0.3 M NaCl, 10 mM Tris-HCl (pH 7.5), 5 
mM EDTA, and 15 jxg of RNase A (Boehringer) was added, 
and the solution was incubated at 30°C for 1 h. Following 
extraction of the sample with phenol-chloroform, 5 (xg of 
carrier yeast tRNA was added, and nucleic acids were 
precipitated with 2 volumes of ethanol. 

PCR amplification. One to five micrograms of total RNA 
was reverse transcribed as described by Wang et al. (64), 
with minor modifications. A 10-jxl reverse transcription 
reaction mix contained 20 mM Tris-HCl (pH 8.3), 50 mM 
KC1, 10 mM MgCl 2 , 100 ^g of bovine serum albumin per ml, 
1 mM dithiothreitol, 50 (xM each deoxy nucleoside triphos- 
phate, 5 to 10 U of RNasin (RNA Guard; Promega), 0.1 |xg 
of the 3' primer, and 3 U of avian myeloblastosis virus 
reverse transcriptase (Promega). Prior to the addition of the 
other components, the RNA and primer were heated at 65°C 
for 10 min in diethylpyrocarbonate-treated H 2 0. Reactions 
were carried out at 37°C for 1 h. Aliquots of the reverse 
transcriptase reaction were combined with carrier rRNA to 
produce a total of 0.05 to 0.4 \ig of total RNA and were 
amplified in a 100-|xl reaction mix containing 2 U of Taq 
DNA polymerase (AmpliTaq; Perkin-EImer-Cetus Corp.), 
0.3 |xg of each primer, 200 u,M deoxynucleoside triphos- 
phates, and 1 to 10 \xCi of [a- 32 P]dATP. The PCR reaction 
was carried out in a Perkin-EImer-Cetus thermocycler at 
94°C for 1 min, 55°C for 1 min, and 72°C for 1 min. Aliquots 
of 1 to 3 \jA were taken at selected points by pausing the 
machine for 1 min following the 72°C step, spotted onto 
Whatman 3 MM filter disks, and batch washed in trichloro- 
acetic acid (TCA); the radioactivity was determined in 
toluene-based scintillation fluid. 

Northern (RNA) blots. Actin mRNA was detected in total 
RNA by Northern analysis (13), using human fj-actin cDNA 
in pGEM3 (1.95 x 10 8 cpm/|xg) as the probe. AS RNA was 
similarly detected with BS-DRE (13) (2.2 x 10 8 cpm/u,g) as 
the probe. The relative abundances of actin mRNA and AS 
RNA were calculated from the specific activities of the two 
probes and the Northern results shown in Fig. IB (inset) and 
Fig. 4C. The ratio of the AS RNA signal from AS RNA- 
expressing HeLa cells (AS cells) in the absence of inducer to 
that of actin mRNA was 0.022, whereas that from the cells 
plus inducer was 0.061. 

Immunologic analysis. Extracts from HeLa and AS cells 
were prepared as described previously (12). The protein 
concentration in each sample was determined by the method 
of Bradford (6), and equal amounts of protein were separated 
by SDS-polyacrylamide gel electrophoresis (PAGE) using an 
8% gel. The proteins were transferred to a polyvinylidene 
difluoride membrane (MSI Nitroplus 2000; Micron Separa- 
tions Inc., Westboro, Mass.) and probed with a monoclonal 
antibody against p220 (19; gift from Diane Etchison) or 
eIF-4A (17; gift from Hans Trachsel) as described by Win- 
ston (66). The secondary antibody was affinity-purified 
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horseradish peroxidase-conjugated rabbit anti-mouse immu- 
noglobulin G (Vector Laboratories, Burlingame, Calif.). The 
antigen-antibody complex was visualized by using the chro- 
mogenic substrate 3,3'-diaminobenzidine hydrochloride. 

Measurement of protein synthesis. In vivo protein synthe- 
sis rates were measured by incorporating [3,4,5- 3 H]leucine 
at 30 ^Ci/ml into cells for 3 h. A cytoplasmic extract was 
prepared and subjected to either SDS-PAGE or TCA pre- 
cipitation. The specific radioactivity of the leucine pool was 
determined by extracting the TCA-soluble fraction with 5 
volumes of ether and subjecting equal aliquots to scintilla- 
tion spectrometry and automated amino acid analysis in the 
University of Kentucky Macromolecular Structure Analysis 
Facility. 

In vitro protein synthesis was performed as follows. Cells 
were collected by centrifugation and washed once with 
phosphate-buffered saline (PBS). The pelleted cells were 
homogenized in 2.5 volumes of hypotonic buffer containing 
20 mM HEPES (pH 7.4), 10 mM NaCl, 1.5 mM magnesium 
acetate, 0.3% Brij 58, 300 U of RNasin per ml, 2 \ig of 
leupeptin and pepstatin per ml, and 50 jxM hemin. Cytoplas- 
mic extracts were obtained by sedimenting nuclei and cell 
debris at 30,000 x g. Protein synthesis was carried out at 
30°C for 1 h in 50-jjlI reaction mixes containing 30 \x\ of cell 
extract, 10 \x\ of reaction mix (0.15 M NaCl, 0.2 M potassium 
acetate, 5 mM dithiothreitol, 74 mM creatine phosphate, 40 
U of creatine phosphokinase per ml, 1 mM ATP, 1 mM GTP, 
0.1 M HEPES, pH 7.4), 35 jiM amino acids minus leucine, 
and 50 |xCi of [3,4,5- 3 H]leucine (NEN). 

Polysome analysis. The protocol of White et al. (65) was 
carried out with the following modifications: (i) the cells 
were detached by using a solution of 0.05% (wt/vol) trypsin 
and 0.53 mM EDTA and washed with PBS, (ii) no NaCl was 
added during purification of the cytoplasmic extracts, and 
(iii) the cytoplasmic extracts were layered onto linear 4.5-ml 
sucrose gradients (0.5 to 1.5 M), which were centrifuged for 
50 min at 4°C in a SW60Ti rotor at 50,000 rpm. 

Protein preparations. eIF-4E was purified from human 
erythrocytes as described by Rychlik et al. (51) and from 
HeLa cells as described by De Benedetti and Rhoads (12). 
eIF-4F was purified from rabbit reticulocyte ribosomal salt 
wash by m 7 GTP-Sepharose chromatography followed by 
Mono Q chromatography as described by Lamphear and 
Panniers (39). 

RESULTS 

Phenotype of transfected cells. The vector used to express 
AS RNA was derived from BK virus and pSV-2neo and 
contained a mouse mammary tumor virus (MMTV) long 
terminal repeat promoter linked to a dioxin-responsive en- 
hancer (13). A sequence complementary to 20 nt near the 5' 
terminus of eIF-4E mRNA was placed under control of the 
inducible promoter. Cells harboring this vector are resistant 
to the antibiotic G418 as a result of the expression of the 
aminoglycoside phosphotransferase gene present in the con- 
struct. Cells transformed with this vector (hereafter referred 
to as AS cells) grew slowly, with a doubling time of about 
100 h (Fig. 1A), whereas untransfected HeLa cells doubled 
in approximately 25 h (Fig. IB). The fact that inhibitory 
effects were observed in the absence of inducer is consistent 
with previous observations that a low level of constitutive 
gene expression occurs with this promoter-enhancer combi- 
nation (12, 13, 32). Addition of the inducer TCDD to AS cells 
caused further slowing of the growth rate and then a decline 
in cell number after 2 days (Fig. 1A). TCDD had no 
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FIG. 1. Growth curves of HeLa and AS cells. Cells were plated 
in 25-cm 2 flasks with a graduated bottom. The average cell number 
in four random 1-cm 2 grids was taken each day, beginning 1 day 
after plating. (A) AS cells cultured in 0.2 mg of G418 per ml with 
(closed squares) and without (open squares) the inducer TCDD. (B) 
Control untransfected HeLa cells grown with (open circles) and 
without (closed circles) TCDD. (Inset) Northern analysis of an- 
tisense RNA produced in control HeLa cells (C), AS cells without 
inducer (AS-), and AS cells with inducer for 18 h (AS+). Total 
RNA was probed with BS-DRE (see Materials and Methods). The 
film was exposed for 21 days. 



detectable effect on untransfected HeLa cells (Fig. IB) or on 
cells transformed with RDB-0 (data not shown). 

The copy number of this vector can be altered by changing 
the concentration of G418 in the culture medium (13). The 
100-h doubling time in Fig. 1A was obtained with G418 at 0.2 
mg/ml. When cells were cultured in G418 at 0.4 or 0.6 mg/ml, 
the doubling time increased to 170 h (data not shown). 
Conversely, when AS cells were maintained without G418 
selection, they resumed normal growth rates in about 2 
weeks, presumably because of a reduction of vector copies. 
HeLa cells transformed with RDB-0 grew at normal rates in 
the presence of G418 at either 0.2 or 0.4 mg/ml (data not 
shown). These results indicate that the phenotype of slow 
growth is due to the expression of eIF-4E antisense se- 
quences and not to the vector per se, G418 or TCDD. 

The nature of the RNA product containing the AS se- 
quence was examined by Northern hybridization (Fig. IB, 
inset). The predominant product was approximately 3 kb, 
consistent with the RNA beginning with the MMTV pro- 
moter and ending with the termination signal and poly(A) 
addition site of BK virus. The RNA downstream of the AS 
sequence is derived from Bluescript. Control HeLa cells 
contained no cross-hybridizing RNAs (lane C). The major 
AS RNA was present at 2.2% the molar concentration of 
p-actin mRNA in uninduced cells (lane AS—), and this 
increased to 6.1% after 18 h of induction (lane AS + ). 

In vivo protein synthesis. If AS RNA decreases the intra- 
cellular levels of eIF-4E, and if eIF-4E is rate limiting for 
protein synthesis, then the slow growth of AS cells could be 
due to a reduction in overall protein synthesis rate. To test 
this, we measured the incorporation of [ 3 H]leucine into 
protein for 6 h in control and AS cells, the latter grown in 
G418 at 0.6 mg/ml. The rate of leucine incorporation was 
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FIG. 2. Protein synthesis rates in intact cells. Approximately 10 6 
cells per sample were labeled for 3 h with 30 p.Ci of [3,4,5- 3 H]leucine 
per ml. (A) HeLa cells, transformed with RDB-0 or RDB-AS, were 
grown in 0.2 mg of G418 per ml. These cells plus untransformed 
HeLa cells were incubated with (+) and without (-) TCDD for 48 h 
prior to labeling and lysed in 0.15 ml of sample buffer (38). One-fifth 
of the sample was subjected to SDS-PAGE on 10% gels. (B) AS cells 
were labeled with [3,4,5- 3 H]leucine for 3 h at the times indicated 
following the addition of TCDD. The positions of molecular weight 
standards are indicated. The TCA-precipitable radioactivities of 
selected samples were 26,285 (lane 3), 9,385 (lane 5), 2,165 (lane 6), 
10,775 (lane 7), 7,040 (lane 8), 5,985 (lane 9), 3730 (lane 10), and 
2,980 (lane 11) cpm/uX The film for panel B was exposed three times 
longer than that for panel A. 



reduced by 10-fold in AS cells (10,325 versus 1,230 cpm/10 4 
cells). Addition of TCDD at the beginning of the 6-h labeling 
period did not change the rate of incorporation in either 
control or AS cells, suggesting that the inducer requires a 
period of time to produce its effect. 

In a second experiment, AS and control RDB-0 cells were 
maintained in 0.2 mg of G418 per ml to produce a lower copy 
number of the vector. The transfected cells as well as 
untransfected HeLa cells were then incubated with and 
without TCDD, in this case 48 h prior to labeling with 
[ 3 H]leucine for 3 h (Fig. 2). The leucine pool-specific radio- 
activities of the various cell lines, with or without TCDD 
treatment, were the same to within 6%. Thus, the intensity 
of bands in Fig. 2 is proportional to the protein synthesis 
rate. The overall rate of protein synthesis was reduced 
2.8-fold in the AS cells (Fig. 2A, lane 5 versus lane 3), and 
the addition of TCDD caused a further 4.3-fold decrease 
(lane 6). Protein synthesis was the same in HeLa and RDB-0 
cells, and TCDD had no effect (lanes 1 to 4). Synthesis of 
most proteins was reduced in AS cells, but that of some 
proteins was more resistant to the general inhibition. These 
presumably result from the translation of "strong" mRNAs, 
i.e., those having the least requirement for eIF-4 group 
initiation factors (reviewed in reference 41). 

We also studied the time course of TCDD action on the 
rate of protein synthesis in AS cells. The addition of TCDD 
produced a progressive decrease in protein synthesis rates 
over a 36-h period (Fig. 2B). Taken together, these experi- 
ments indicate that the expression of eIF-4E AS RNA, 
whether determined by vector copy number or by induction 
of the promoter, reduces the in vivo rate of protein synthesis 
in a dose- and time-dependent manner. 

If the depletion of eIF-4E is responsible for the observed 
inhibition of protein synthesis, one would expect polysomes 
to be disaggregated because eIF-4E acts at the step wherein 
mRNA becomes bound to the ribosome. To test this predic- 
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FIG. 3. Distribution of polysomes after AS RNA expression. 
Untransfected HeLa cells (A) and AS cells maintained in 0.2 mg of 
G418 per ml without (B) or with (C) treatment for 42 h with TCDD 
were harvested and analyzed for polysomes as described in Mate- 
rials and Methods. Ribosomal subunits and monosomes are indi- 
cated by 40, 60, and 80. Disomes, trisomes, etc., are indicated by 2, 
3, etc. The direction of sedimentation in each case was left to right. 



tion, polysome profiles were measured in control HeLa cells 
and AS cells in the presence and absence of TCDD (Fig. 3). 
The results indicated that polysomes were decreased in AS 
cells with a corresponding increase in ribosomal subunits 
(Fig. 3B versus 3A), and when TCDD was added to the 
medium, polysomes became undetectable (Fig. 3C). 

eIF-4E mRNA levels. AS RNA is believed to exert its effect 
on target gene expression by inhibiting the synthesis, proc- 
essing, transport, or translation of a specific mRNA (24). To 
distinguish between translational and nontranslational ef- 
fects in the case of eIF-4E AS RNA, we measured the level 
of eIF-4E mRNA. Cells were treated with and without 
TCDD for 36 h, a period which does not result in cell death 
or even in the complete arrest of cell growth (Fig. 1A), and 
the relative levels of eIF-4E mRNA were determined by two 
independent methods. In the first, an RNase protection 
assay, a minus-sense probe was generated by in vitro tran- 
scription of the cDN A for eIF-4E with SP6 RNA polymerase 
(Fig. 4A; Fig. 4B, lane 1; note that the markers refer to 
mobility of double-stranded DNA and do not apply to the 
single-stranded RNA probe). RNase A completely digested 
the probe in the absence of complementary mRNA (lane 2). 
Hybridization of the probe to a full-length, plus-sense tran- 
script, produced by transcription of the same plasmid with 
T7 RNA polymerase, resulted in a protected fragment mi- 
grating at 725 bp (lane 3), the expected position of the duplex 
RNA. Total RNA extracted from control cells yielded a 
strong band (lane 4). AS cells, by contrast, yielded consid- 
erably less of the protected band (lane 5), and TCDD 
treatment further reduced this level (lane 6). Bands corre- 
sponding to the protected probe were excised, and the 
radioactivity was determined by scintillation spectrometry 
(Fig. 4B, bottom). From the radioactivity in lanes 3 and 4, 
we calculate that eIF-4E mRNA represents 0.04% of total 
HeLa cell mRNA (see figure legend). AS cells and AS cells 
treated with TCDD contained 3- and 11-fold, respectively, 
less eIF-4E mRNA than did control cells. As a control that 
all mRNA species were not decreased by AS RNA expres- 
sion, we also measured actin mRNA content during the 
course of TCDD induction (Fig. 4C). Actin mRNA levels did 
not change significantly over the 48-h period tested. 

The second method used for mRNA quantitation was 
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FIG. 4. Quantitation of eIF-4E mRNA by RNase protection. (A) 
Transcription template used to synthesize the eIF-4E mRNA plus- 
and minus-sense RNAs. (B) RNase protection assays carried out as 
described in Materials and Methods. After ethanol precipitation of 
the protected RNA, the samples were resuspended in 10 mM 
Tris-HCl (pH 7.2)-l mM EDTA-15% glycerol and separated on a 
nondenaturing 1.5% agarose gel, using Ddel-cul pGem-7Zf(+) DNA 
as markers. In this system, RNA duplexes shorter than 1.5 kb 
comigrate with DNA duplexes of the same size. Lane 1, 500 cpm of 
single-stranded probe (synthesized with SP6 polymerase); lane 2, 
probe digested with RNase A in the absence of complementary 
RNA; lane 3, signal obtained after annealing of probe to 5 ng of 
plus-sense RNA (synthesized with T7 polymerase). Total RNA (70 
jtg) from control untransfected cells (lane 4), AS cells grown in 0.2 
mg of G418 per ml (lane 5), and AS cells treated for 48 h with TCDD 
(lane 6) was annealed to the probe and digested with RNase A. The 
radioactivity in the major band of selected lanes is shown at the 
bottom. The level of eIF-4E mRNA in control cells was estimated as 
follows. Five nanograms of the T7 transcript protected 27,930 cpm 
of the probe. Assuming that 2% of total RNA is mRNA, the 70 |xg of 
total RNA used in protection assays contained 1,400 ng of total 
mRNA, and this protected 3,085 cpm of probe. 3,085/27,930 x 5 ng 
= 0.55 ng of eIF-4E mRNA. 0.55/1,400 = 0.0004. Thus, eIF-4E 
mRNA represents 0.04% of total HeLa mRNA. (C) Northern 
analysis of actin mRNA. Total RNA was extracted from AS cells at 
various times after addition of TCDD as indicated and analyzed by 
Northern blotting using a 0-actin cDNA probe (see Materials and 
Methods). The film was exposed for 1 day. 



selective reverse transcription of eIF-4E mRNA followed by 
PCR in the presence of [a- 32 P]dATP. This yielded a single 
PCR product of 659 bp which could be quantitated directly 
by precipitation with TCA and scintillation spectrometry 
(Fig. 5B, inset). To demonstrate that the method was quan- 
titative, we subjected several dilutions of reverse-tran- 
scribed RNA from a single source to PCR (Fig. 5A). The 
product increased exponentially for each dilution and was 
proportional to the amount of RNA added, provided that it 
was measured in the exponential range. AS cells contained 
1.7-fold less eIF-4E mRNA than did control HeLa cells by 
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FIG. 5. Quantitation of eIF-4E mRNA in control and AS cells by 
PCR. (A) Dose response quantitation of eIF-4E mRNA in total RNA 
isolated from continuous rat embryo fibroblast cells. The amounts of 
total RNA used for PCR were 0.4 u,g (open circles), 0.2 jig (open 
triangles), 0.1 ^g (closed circles), and 0.05 ng (closed triangles). 
Carrier RNA was added after reverse transcription, and the samples 
were subjected to PCR amplification in the presence of [ot- 32 P]dATP, 
using eIF-4E mRNA-specific primers. Products were quantitated by 
TCA precipitation and scintillation spectrometry. (B) Effect of AS 
RNA on eIF-4E mRNA levels. Total RNA (0.1 pig) from untrans- 
fected HeLa cells (open circles), AS cells (closed circles), and AS 
cells treated with TCDD as for Fig. 3 (open triangles) was analyzed 
as for panel A. (Inset) Ethidium bromide-stained 2.5% agarose gel of 
//mdlll-cut X DNA (lane 1) and the eIF-4E mRNA-specific PCR 
product (lane 2). 



this assay, and AS cells treated with TCDD for 36 h 
contained 3-fold less than did control cells (Fig. 5B). The 
quantitative discrepancy between the two methods is not 
understood, but it is clear that eIF-4E mRNA was signifi- 
cantly reduced in AS cells and that a further decrease 
occurred upon induction of the promoter with TCDD. 

eIF-4E protein levels. The level of the eIF-4E protein was 
measured in cytoplasmic extracts from control HeLa and AS 
cells grown in 0.6 mg of G418 per ml with or without a 48-h 
induction with TCDD. eIF-4E was affinity purified on 
m 7 GTP-Sepharose columns, and aliquots of both total pro- 
tein and column-bound protein were separated by SDS- 
PAGE and stained with Coomassie blue (Fig. 6). Total 
protein patterns were similar (lanes 1 to 3), but eIF-4E was 
detectable only in the column-bound fraction of control cells 
(lane 4 versus lanes 5 and 6). In a similar experiment, the 
vector copy number was decreased by growing the cells in 
0.2 mg of G418 per ml in an attempt to obtain a less severe 
reduction of eIF-4E. Under these conditions, AS cells con- 
tained sevenfold less eIF-4E than did control cells, as 
estimated by densitometry, whereas eIF-4E could not be 
detected in TCDD-treated AS cells (data not shown). Inter- 
estingly, an m 7 GTP-Sepharose-enriched protein of 220 kDa 
was also decreased in AS compared with control cell ex- 
tracts (lane 4 versus lanes 5 and 6). On the basis of its 
molecular weight and retention on m 7 GTP-Sepharose, this is 
likely to be the p220 component of eIF-4F (17, 26, 60). 

In vitro protein synthesis. The results presented thus far 
indicate that AS cells grow slowly, that protein synthesis in 
vivo is decreased up to 10-fold, and that the cellular levels of 
both eIF-4E mRNA and eIF-4E protein are decreased in 
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FIG. 6. Quantitation of eIF-4E in control and AS cells. The 
cytoplasmic extract from 5 x 10 7 cells (3 ml) was applied to a 2-ml 
m 7 GTP-Sepharose column, and the bound protein was eluted with 
m 7 GTP and precipitated with TCA (12). The protein was resus- 
pended in Laemmli sample buffer, subjected to SDS-PAGE, and 
stained with Coomassie blue. The positions of molecular weight 
markers, eIF-4E, and a 220-kDa polypeptide, which is thought to be 
the p220 component of eIF-4F, are shown. AS cells were grown in 
the presence of 0.6 mg of G418 per ml, and the gel used was 10%. 
Lanes: 1 to 3, 30 pi of total protein from control He La cells, AS 
cells, and AS cells treated for 48 h with TCDD, respectively; 4 to 6, 
m 7 GTP-Sepharose-bound protein from the same extracts (the entire 
sample); 7, 1.7 |xg of purified eIF-4E from human erythrocytes. 
eIF-4E migrates as doublet when incompletely reduced (51). The 
dark bands at around 66 kDa in lanes 1 and 2 are bovine serum 
albumin, which was not completely removed when the cells were 
collected. 



proportion to the expression of AS RNA. The most straight- 
forward interpretation of these findings is that cell growth is 
slowed because of a decrease in protein synthesis resulting 
from the loss of eIF-4E. If so, then extracts of AS cells 
should likewise be restricted in protein synthetic capacity, 
and this should be restored with exogenous eIF-4E. Cell 
extracts were prepared from control and AS cells and 
assayed for [3,4,5- 3 H]leucine incorporation. As observed for 
intact cells (Fig. 2), protein synthesis in extracts of AS cells 
was drastically reduced (Fig. 7A, lane 2 versus lane 1). 
Surprisingly, however, the addition of purified eIF-4E did 
not stimulate translation to any significant degree (Fig. 7B, 
lanes 8 to 12; note that the aliquots analyzed in lanes 8 to 12 
were three times larger than that in lane 7). The highest level 
of eIF-4E added (lane 8) corresponded to fivefold more than 
was present endogenously in the cell-free system from 
control cells (see figure legend). It was unlikely that the lack 
of stimulation was due to loss of activity of eIF-4E itself, 
since eIF-4E purified by m 7 GTP-Sepharose retains its activ- 
ities of cap binding, association with the 48S initiation 
complex (33), and restoration of translation in m 7 GTP- 
inhibited ly sates (28). 

The failure of eIF-4E to stimulate translation was unex- 
pected, since the AS RNA was targeted specifically to 
eIF-4E mRNA. However, this is reminiscent of the inability 
of eIF-4E to restore translation to extracts of poliovirus- 
infected cells (60). In the latter case, high-molecular-weight 
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complexes containing p220 were effective in restoring trans- 
lation. We therefore tested highly purified eIF-4F (Fig. 7C) 
on extracts of AS cells (Fig. 7A). Addition of eIF-4F, in 
contrast to eIF-4E, was effective in restoring translational 
activity. By analogy to poliovirus-infected cells, this finding 
suggested that the p220 component of eIF-4F might be 
affected in AS cells. 

p220 is decreased in AS cells. To determine the levels of 
p220 directly, we prepared cytoplasmic extracts from HeLa 
cells and AS cells grown in G418 at 0.2 mg/ml, the latter 
treated for 48 h with and without TCDD. Equal amounts of 
protein were separated by SDS-PAGE, transferred to a 
membrane, and probed with a monoclonal antibody against 
p220. The antibody recognized a collection of polypeptides 
in the 200-kDa range in both rabbit reticulocyte lysate (Fig. 
8, lane 6) and control HeLa cell extracts (lane 1). This 
collection of bands is consistently observed and is consid- 
ered to be p220; it is not known whether they represent 
isoforms of p220 or products of degradation or posttransla- 
tional modification (19, 20). p220 levels were decreased in 
the uninduced AS cells (lane 4) and were undetectable in the 
AS cells induced with TCDD (lane 5). AS cells grown for 1 
week without G418 selection contained intermediate levels 
of p220 (lane 2). As noted above, such AS cells regain almost 
normal growth rates after 2 weeks in the absence of G418. 
Addition of TCDD to these cells decreased the p220 level 
only slightly (lane 3). Presumably, the recovery of normal 
growth rates is due to the loss of vector, so that TCDD 
addition results in insufficient AS RNA to produce a major 
effect. We did not observe the breakdown products of p220 
(100 to 130 kDa) which are characteristic of poliovirus- 
infected cell extracts (23), though the monoclonal antibody 
used is capable of recognizing such products (19). 

Decay of eIF-4E, p220, and protein synthesis rates after 
induction with TCDD. To analyze the relationship between 
the levels of eIF-4E and p220 and the overall in vivo rate of 
protein synthesis, we determined all three parameters in a 
single experiment as a function of time after addition of 
TCDD (Fig. 9). AS cells grown in 0.2 mg of G418 per ml were 
treated with TCDD, and aliquots from multiwell flasks were 
removed at intervals. Protein synthesis was determined by 
pulse-labeling cells during the last 3 h of each time point. A 
parallel set of cells which had been previously labeled to 
equilibrium with [3,4,5- 3 H]leucine was used for quantitation 
of eIF-4E levels. Another set was analyzed by Western 
immunoblotting to measure p220 levels. The results indi- 
cated that except for a slight initial lag, eIF-4E and p220 
decayed with nearly the same kinetics. Protein synthesis 
decreased the most between 6 and 18 h, in parallel with 
eIF-4E and p220, and thereafter more slowly, presumably 
reflecting the residual translation of specific "strong" 
mRNAs. 

Another component of the eIF-4F complex is eIF-4A, 
although the major portion of this factor exists in the free 
form (see the introduction). It was therefore of interest to 
determine whether eIF-4A levels were also decreased when 
AS RNA was expressed. eIF-4A was monitored immunolog- 
ically during the course of TCDD induction (Fig. 9, double 
triangles). Interestingly, over the period in which eIF-4E and 
p220 decreased to undetectable levels, eIF-4A was un- 
changed. In a separate experiment, the level of eIF-4A in 
control HeLa cells was found to be the same as in AS cells 
(data not shown). 
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FIG. 7. Effect of added eIF-4F and eIF-4E on translation by extracts of AS cells. Proteins were labeled with [3,4,5- 3 H]leucine in extracts 
of control HeLa cells (C; lanes 1 and 7) and AS cells grown in 0.6 mg/ml G418 (AS), separated by SDS-PAGE, and visualized by fluorography. 

(A) The indicated amounts of rabbit reticulocyte eIF-4F were added to 50-yA translation reactions. Aliquots of 5 p.1 were loaded on the gel. 

(B) Same as panel A except that human erythrocyte eIF-4E was added to translation reaction mixes. The aliquot loaded for control cell 
extracts (lane 7) was 5 pj, whereas that for AS extracts (lanes 8 to 12) was 15 |xl. From the data in Fig. 6, we estimate that 1.0 u,g of eIF-4E 
is present in 3 ml of HeLa extract. Thus, the control in vitro translation system (lane 7) contained 10 ng of endogenous eIF-4E in a 50-jjlI 
reaction mixture. (C) SDS-PAGE of the eIF-4F preparation used in panel A. Staining was with silver. 




FIG. 8. Immunological analysis of p220 in control and AS cells. 
Cell extracts were prepared from HeLa and AS cells, and 150 jig of 
protein from each sample was analyzed by immunoblotting with an 
anti-p220 antibody. Lanes: 1, control HeLa cells; 2, AS cells 
cultured without G418 for 1 week; 3, same as lane 2 but treated with 
TCDD for 48 h; 4, AS cells cultured in 0.2 mg of G418 per ml; 5, 
same as lane 4 but treated with TCDD for 48 h; 6, 5 jd of rabbit 
reticulocyte lysate. 



DISCUSSION 

Determining the mechanisms which regulate the overall 
rate of protein synthesis is central to a general understanding 
of cellular metabolism. Nearly all of the translational control 
mechanisms identified to date occur at the initiation step, so 
it is logical to study the initiation factors as targets and 
mediators of translational regulation. Most or all of the 
initiation factors have now been isolated and characterized 
in vitro. However, the sheer complexity of protein synthe- 
sis, involving the coordinated action of over 200 proteins and 
100 RNAs, requires that the roles of initiation factors be 
defined using in vivo systems as well. The favorable genetic 
approaches available in Saccharomyces cerevisiae have 
permitted several initiation factors to be studied in vivo. 
eIF-2p was shown to be essential to the cell and to play a 
role in initiation codon selection (14). Similarly, an intact 
eIF-4A gene is required for survival of the yeast cell (4). The 
eIF-4E gene is likewise essential to yeast cells (1) and, 
interestingly, is the same as a gene involved in control of cell 
division, cdc-33 (7). The phenotype of cdc-33 mutants re- 
sembles cells arrested at the GJG X boundary during amino 
acid starvation. 

In higher eukaryotes, studies of initiation factors involving 
disruption of genes or their replacement with mutated deriv- 
atives are not presently feasible. Alternative approaches for 
studying these factors in vivo include (i) expressing addi- 
tional copies of the initiation factor, either of the normal 
sequence or of a variant, by transfecting cells with expres- 
sion vectors and (ii) reducing the endogenous levels of the 
initiation factor with antisense sequences. The first of these 
approaches has been used for eIF-2a, whereby the essential 
role of Ser-51 in regulating this factor's activity was demon- 
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FIG. 9. Decay rates of eIF-4A, eIF-4E, p220, and protein syn- 
thesis in AS cells. AS cells (10 5 ) were incubated with TCDD in 
multiwell plates. At the times indicated, 15 u,Ci of [3,4,5- 3 H]leucine 
per ml was added for 3 h. The cells were lysed in 0.5 ml of 1% SDS, 
proteins were precipitated with 10% TCA and collected on GFA 
filters, and the radioactivity was determined (closed squares). 
eIF-4E was measured in samples of 3 x 10 6 cells labeled to 
equilibrium with [3,4,5- 3 H]leucine (50 jiCi/mi) for 48 h. TCDD was 
added for the times indicated. The cells were lysed, and eIF-4E was 
isolated as described in Materials and Methods and separated on an 
SDS-10% polyacrylamide gel. After fluorography, the eIF-4E band 
was quantitated with a laser densitometer (open squares). For 
determination of p220 and eIF-4A, 150 u.g of protein for each sample 
was analyzed by Western blotting as for Fig. 7. The eIF-4A (double 
triangles) and major p220 (closed triangles) bands were quantitated 
by densitometry with reflective illumination. All values are ex- 
pressed relative to those for AS cells not treated with TCDD. 



strated (35). The importance of the hypusine modification at 
Lys-50 of eIF-4D was similarly demonstrated in COS-1 cells 
(57). Overexpressing eIF-4B in COS-1 cells by 50-fold re- 
sulted in a general inhibition of translation (45). This ap- 
proach has also been used for eIF-4E. Overexpression by as 
little as three- to eightfold led to a rapid growth phenotype 
reminiscent of oncogenically transformed cells (12, 40). The 
absence of this phenotype in cells transformed with the same 
vectors expressing the [Ala 53 ]eIF-4E variant provides in 
vivo evidence that phosphorylation at Ser-53 is essential for 
eIF-4E activity. 

The second approach, to reduce the level of an initiation 
factor with AS RNA technology, has not been used prior to 
the study reported here. AS RNA is thought to inhibit 
expression of an mRNA by the formation of an RNA duplex 
which either inhibits its processing and transport from the 
nucleus, prevents its translation, or enhances its degradation 
(24). Melton (44) used AS RNA in Xenopus oocytes to 
inhibit (3-globin translation and found that sequences com- 
plementary to the 5' noncoding region or the 5' region 
including the translation initiation site were more inhibitory 
than those complementary to the 3' coding or 3' noncoding 
regions. Izant and Weintraub (31) observed maximal inhibi- 
tion of thymidine kinase expression in LTK~ cells when 
they used AS RNA directed against the 5' untranslated 
portion of the mRNA. On the basis of these results, we 
constructed the vector to express RNA which was comple- 
mentary to 20 nt at the 5' terminus of eIF-4E mRNA. 

Whether because of the level of AS RNA in the cell or 
because of the site of complementarity, the expression of AS 
RNA against eIF-4E mRNA produced marked effects in our 
system. The rate of cell division was slowed or stopped, 



depending on the level of expression (Fig. 1), the rate of 
protein synthesis was dramatically decreased in vivo and in 
vitro (Fig. 2 and 7), polysomes disaggregated (Fig. 3), and 
the levels of both eIF-4E mRNA (Fig. 4 and 5) and eIF-4E 
protein (Fig. 6) were decreased. The two methods of eIF-4E 
mRNA estimation gave qualitatively similar results and 
indicated that AS cells grown in 0.2 mg of G418 per ml 
contained 1.7- to 3-fold less mRNA than did control cells. 
Addition of the inducer further reduced the mRNA level 2- 
to 3-fold, giving an overall reduction of 3- to 10-fold com- 
pared with control cells. Contente et al. (10) achieved a 
comparable reduction of rrg mRNA, but the reduction 
varied greatly among clonal transformants. Griep and West- 
phal (25) used the simian virus 40 early promoter to express 
AS RNA complementary to portions of the mouse c-myc 
gene. Cells transformed with these constructs displayed a 
dramatic reduction in myc protein. Surprisingly, the total 
cellular levels of myc mRNA were not affected, suggesting 
that the effect was at the level of mRNA transport or 
translation as opposed to synthesis, splicing, or stability. In 
the present study, the loss of eIF-4E protein appeared to be 
more dramatic than the loss of eIF-4E mRNA (compare Fig. 
6 with Fig. 4 and 5), suggesting that there may be transla- 
tional effects in addition to the decrease in eIF-4E mRNA 
levels. 

Another important feature of the system described here is 
the ability to regulate the level of AS RNA expression. 
Inducible promoters have been used in previous studies to 
express AS RNA with varying success. Holt et al. (30) made 
constructs expressing c-fos AS RNA under the control of the 
MMTV promoter. Addition of dexamethasone to stable 
transformants caused rapid production of AS RNA and 
inhibition of cell proliferation. On the other hand, AS RNA 
against the mRNA encoding the tissue inhibitor of metallo- 
proteinases, directed from a metallothionine promoter, was 
found to be constitutive and not inducible by heavy metals 
(36). A heat shock promoter was used to generate AS RNA 
against Drosophila hsp-26 mRNA, but only cells with high 
copy numbers of the vector exhibited reduced levels of 
hsp-26 protein (43). In the present study, AS RNA levels 
were altered either by varying the G418 selection or by 
inducing the promoter with TCDD. These two methods 
provide a wide range of experimental flexibility. Cells may 
be maintained indefinitely with different dosages of the 
antisense-encoding DNA by culturing in different G418 
concentrations. Because of the low level of constitutive 
expression of the promoter-enhancer combination, these 
cells exhibit characteristic growth rates, but rapid changes in 
AS RNA levels are not possible because establishment of 
new G418 concentrations must be conducted in stages over 
periods of days to weeks. Activation of the promoter by 
TCDD, by contrast, can be demonstrated in as little as 1 h 
(18). The combination of G418 and TCDD is required for 
maximal expression of AS RNA; without G418, the vector 
copy number decreases so that addition of TCDD has little 
effect (Fig. 8, lane 2 versus lane 3). On the other hand, if AS 
RNA expression had been constitutively high, we would not 
have been able to obtain transformants because of the lethal 
phenotype (Fig. 1A, closed squares). 

The coordinate loss of eIF-4E and p220 in AS cells was 
unexpected and may open the way for studies to clarify the 
relationship between these two polypeptides. Originally, 
eIF-4E was independently detected as a polypeptide which 
would either cross-link to mRNA caps (59), reverse the 
inhibition of protein synthesis caused by poliovirus infection 
(62), or reverse the inhibition of cell-free translation caused 
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by cap analogs (28). Subsequently, Tahara et al. (60) found 
that nigh-molecular-weight complexes containing eIF-4E 
were effective in reversing poliovirus inhibition but that 
eIF-4E alone was not. p220 was first identified as a protein 
which was proteolytically cleaved coincident with the shut- 
off of protein synthesis caused by poliovirus infection (23). It 
was then found by Grifo et al. (26) and Edery et al. (17) to be 
a component of the high-molecular-weight complexes dis- 
covered by Tahara et al. (60). It is worth noting, however, 
that all such complexes have been isolated from cells or 
ribosomal extracts after treatment with 0.5 M KG, and that 
attempts to isolate p220:eIF-4E complexes from whole cell 
lysates without high-salt treatment have failed (9). Thus, the 
association between these two proteins may be transient and 
occur only during a specific stage of initiation. The phos- 
phorylation of eIF-4E may also have a bearing on the 
association of p220 and eIF-4E. The nonphosphorylatable 
[Ala 53 ]eIF-4E variant does not become bound to the 48S 
initiation complex (33). Assuming that eIF-4E is bound to 
the 48S complex via p220, this may mean that phosphory- 
lated eIF-4E has a higher affinity for p220 than does unphos- 
phorylated eIF-4E. Consistent with this idea, Tuazon et al. 
(63) found that phosphorylated eIF-4E could be isolated in a 
complex with p220, but that a similar complex was not 
formed when unphosphorylated eIF-4E was added. This 
would be reminiscent of eIF-2B having a higher affinity for 
eIF-2a-P than for eIF-2a (54). These results, coupled with 
the knowledge that the phosphate group of eIF-4E turns over 
more rapidly than does the polypeptide chain (53), suggest a 
model in which the association of eIF-4E with p220 is in 
dynamic equilibrium and is determined by eIF-4E phosphor- 
ylation. 

As noted above, eIF-4F is isolated as a complex of three 
components: eIF-4A, eIF-4E, and p220. The fact that 
eIF-4A does not decrease under the same conditions which 
lead to a complete loss of eIF-4E and p220 (Fig. 9) suggests 
that the eIF-4E and p220 components may be more closely 
associated, physically, functionally, or from a regulatory 
standpoint. In fact, eIF-4A is present at a considerably 
higher level than is either eIF-4E or p220 (16). Also, some 
purification schemes yield a p220:eIF-4E complex with no 
eIF-4A (9, 22, 39). 

Although there are several possibilities which might ex- 
plain why a reduction of p220 is correlated with a loss in 
eIF-4E, the most likely explanation is that p220 is degraded 
by cellular proteases unless it is complexed with eIF-4E. 
This interpretation, as opposed to the hypothesis that eIF-4E 
affects p220 expression at the transcriptional or translational 
level, is supported by the nearly simultaneous loss of eIF-4E 
and p220 (Fig. 8). Such a mechanism could potentially 
reconcile the observations of Trachsel et al. (62), who found 
that the addition of purified eIF-4E was sufficient to stimu- 
late translation in extracts of polio virus-infected cells, with 
those of Grifo et al. (26), who found that eIF-4F rather than 
eIF-4E was required. Perhaps poliovirus infection initially 
causes an inactivation or sequestration of eIF-4E, and the 
failure of eIF-4E and p220 to interact leads to the degrada- 
tion of p220. Thus, addition of eIF-4E alone could restore 
translation to cell extracts at early times during the course of 
viral infection but not later, when the p220 component is 
degraded. 

From a practical standpoint, the AS cells provide a model 
system for the study of translation in mammalian cells and 
cell extracts which are deficient in eIF-4E and p220, akin to 
the yeast cell-free system containing a temperature-sensitive 
eIF-4E variant (2). It is yet to be determined whether other 



translational components are reduced in the AS cells, but the 
ability of highly purified eIF-4F to restore translation (Fig. 
7A) together with the unchanged levels of eIF-4A (Fig. 9) 
argues against this. Previously, poliovirus-infected cells and 
their lysates, or cell-free translation systems derived from 
components of poliovirus-infected and normal cells, have 
been useful in investigating the role of p220 and eIF-4F (21, 
46). An advantage of the AS cells and their extracts for this 
purpose is that the numerous biochemical and morphological 
changes occurring in poliovirus-infected cells (37) would not 
be complicating factors. The system will be especially suit- 
able for studies of mRNA competition and discrimination 
both in vitro and in vivo. 
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m m mmm0$m Cth, two %mm Mi$$\. mih -m$m 
wmh#4 u>. mnmz mM&miml nnn.pmiick'% m4 the |t5c^-> 

lijiksx! vwv (ELISA). <^ie^ <k^ky 

t?f 1 wprt to 3» |>gs «f HIV I $m m$i$m, 1M 
mimmum vpitml 4mmi$ vduz reported h 2 mm v%im$ 

iM mmitmty &i xM EUM reMer. 

mmam mB mmmmm 

%MmnY tmmm \m$mm& vkm~4mm4 tmmiml vmxm% 
pBEMoTN; j>UCMi>TH g«) s |»UCMaTNMC> zwmin* 
m% She 'he-^^s vim« ik pmms&m. . itewkig &p$ gmm 

mpmmm^ UmiUvrmg G4V& wms&nw&h wem ^.^ed m this 
$k*dy, T^ss^e we^m e^ps^efe^ ^3 ^x^esst^. st«:t$s«?i^ 

^lr^~sMe<i regfesi of the npt mBMA, 11mm mmm w&m 



TK 




FIG* 1 Eetmv1r<sl vectors «s.p*^ssj&$ a,«^$<s«$<: <sr :^cn$-c i-NA 
a*stea^- tit x&) Mvtfmim- 3*NA iM) $<mm#<fsi&% k> 

s^$efi$e RNA m. HIV:-! » ^rNvres<-?L t^ :^si$e^* 
IMA r to t^ FSS fSd<*m5 e PB^ •• er t^l^ 

>w ?«KHA t ss<s««m-e -eksml is ^^sw |^TH-Li - )| 

^ p^: «flh« 3"" «.«tr^^t«§l ^gk>« t)i -ihc $0 mRHA, (tei 
1KA mmpsm$$ mti&S* teMw m%mm& &fM$y~l mm^HA 

mtiTK4M J *% tK f tbymki^ ki^me; U'rM, teg; ^m^^l ?#est, 



MX* eel which were ^he^ tssteei for anii^«^ ^e«se 
A mi4 for their ^sfeptM^hy $•■;> HIV-l ^ni^c:- 

ItlV-l were ^:pe«s«:i pat isf B?gh>rs $f 

>^f mRN'A b$?j:we^ the /pf m$p $mlm. md the p-^ypjifme 
I met CPPT). The folh>wing: retovsriist veeton were eon- 
:§tfae%x1 (Pig, X&k .pUCMoT'K-PES(-)i «^pt«^s^ Mii^rts^ 
EMA w the H1V4 BJS pi imle^tldt^ to^tn pUCMrt^- 
S%SC'^)> ' Mhw^& UNA 1:0 the ll-^le^y^ 

fispr^^ig ^MeMe ERA t>:> the i^ENA 5" 

^qmnrn, Thh leader s^e^ee eoni^h^ 343 ^^eleottle^* of 
wb?ch ■ ih«: firsx 2H1 mmtetMtim w$ mmmmi. m iS HIV-! 

A^ite^e FNAva> ?:he pi mh:k^h<k* 

h>ng) ^> the l§-r^JcletHJde4«g: r^o^ 5 : ^ th« FBS ^e 
rehitlw:|y •shor? kssph.. TBe;^;^^. te tetR^r il^ra ^v^h- 
f ®r ^mMmxkm i\n MW4 imgm, mKNA, it. nmmi 
imp&rtmi to e^pre^s ih&m m pm dt a imp mmmm<- Ihh 
mm mMmmi hy mlmMm mUhin tlw ;V mrtr$m#*$£d region 
Of npi mRHA s$ stem-a^-top simct^ as pretlktet! 
hy &eke§' Stmgkt's. eom|Mer pK^r^m €M) m^m- 
m$ ^he ^^^ wtlhb x&k hmp wM WW 4 m$mm$ 
SNA. ^i?er*ee«. Te> fetther en^re iMt ^ s^m ?^w^i?e wi8 
fmm m4 lite ^mbe^$« M.NA ssepg^ss t«s SI V>1 wsll he 
k^ated sit the c&ntct of ih& imp, hsm pairing m fits 

wm toim! by the i^ertbft $ hp mi $m tee t>f 
tfee bt?p was i^mngsd hy the m^rtk>o at iMim mi &t % 
nm$mtkU% ikm m&mt Mm p^r with e^eih ^>thet\ 

tee wet#^> The .^SrwM 

v«c^r$i were ei>:i^tmeted: p tCM^FH 4.45 • 4 ) < %xpx$m®$ 
BW4 tat m&MA UMm mqiimm (;H to AU8:; M$ vmk> 
<^kktj precisely r^Jash\$ the ^rmRMA 5' tester ^e^^oce 
(Bg r 5b); pBRMiVFHvLCl^vi: exp?^*k^ m 
nMHA UM^r sup^mz m pm% id the .r e?^:fm^iMM 

St^f 5?5.E^A Is*.), 

tm^mm&km. MT 4 mil U$m with veet^y 



mmvMm mn sense mh* confer resistance to 




F1G> 2. Ass tease aod *£j?.se RNA tewls m Mt\. tmmfofmmts. 
(a) t4mh$m bkai -rnktyms &f mtimmx m& %m$$ RNA the B.W-l 
m mBMA $' fcMer %$qmm% $%pt$m4 in Ml* &mt&mm% 
M&YU*U™h M$lf44,i5 K i'h m4 UtftUMy celts smtm> 

fog MoTN: served a&&safttr«i MW, xttttiectfter we&fcL {h) Sfoi*hk>t 
analysis 6tf'4&t&e*m 8HA so ?.tvs UW-4 PBS or to she: r«§kft to 
tte PBS <?x^?^s$cd its Ml* cells eom<siitmg MoT'N4*0SC-\* w 



P&tiMm* Ths -retroviral vectors eftgisseered to extaras* 

pU€Mc*TN>L(-)j sjM s&rtss |pUCM^]^-L(5 : t) m4 
pimM<fm4M'4)j RMA.s to HIV4, 'well as the vmw 
CpUCMoTN) k&kmg She SeM &^tt«ft£&&,, « to it&m- 
feci the ecotropic M*2 staging! cgii Urn* lltm rmmml 
vmm prtfcto' |MoTN-PES( - K MoTN-5 ; FBSt- K MoTN- 
U~j»< Mora-MS'-f h M<>mAjy ih mi ftfolN) releases* 
(mm these um§imwm\m were m$d to infect the amphofcro* 
pk PAW p^M^m 0df Has- These tr^dbft*gftft& > rsleas* 
t$g &H3ph8&r&pte retroviral vector particles, were ihm \m<l 
m m&uti&t&xkm %$pmimmt§ to IMsct th$ MX* fe^ 
stable MTa fran:#>nn&ft^ were sefeeted by growth for up to 

Northern blot of RNA isolated:' from tbs MT* 

performed to assess Shs tevsi of exps^ 
mm of variou s smihmm &®4.§$m$ RMA m^kmim &o HIV- 1 
(Fig. T&e probe used in .these eftjratfments was tfte 5:3 F- 
1$b&fed !^mteteodde4oftg fn^mmt of pU'C 

MoTN-M?^}- e^oJ^m^ pan of Ml¥4 m mMMA 5- 
leader' ^que^e, tnciudi»g -the HIV-1 FBS smd the 
tTU«fe^tide4<m^ 5 f io PBS. lliis pn>M . sk>uM 

hybridize m the veolor ss^d npi mRNAs ^ontsj54istg. the 
HIV-! ^ntfeeose 0r $ms& EN : A. $equeiic«ft suid not to .RNA$ 
ImMtm tht%^ mq®m&%$. As sfeo^- kv .Fig. :2a, tfe« presmce 
of RM&s cojst&bbg mstisessfi m mnm kUA m®kmh$ m 

It is sKj^woit^y that sifRikr .bv«1« of Motasy' m^ri^ 
te-iikeinfei vfes termhid repeat atsd tk pomoter-ddvers 
RNAs codtftifitng' a«ti»*»w t>«d EN A. sequ^oes to 



mt $\mw®}, Amkmm .EN A Xo'tht fJIV*i FBS iar la tke 
r&gbfi 5 ? tt> the FBS e^id not fee detest in ibis $$p#tim&nt 
Cda^a »0£ ^how^}, m^st likely bectai«<e ba«e pairtng is©tw«on 
tbc^^ EN As md probe ms' miy over W 

mmkmktm; for mhm Mmm sml mii$&&m &Uk% wl*c*se 
expwsisiofi could be detected, ba^e p^^ins occmn^ed over a 
Wretch of 1S§ nBck^S:id.««:, SJoi-fefoi ^dy^fe. ^1 a tew^f 
srri«geiicy, was therefore performed mih iihe same probe to 
detect ihe pr^fefse^ Of ENA$ co^tidrtfeg the iR^^uc^otKk- 
Img. mitesmx RNA ^qmmm to Jhe H!¥4 PB S atsd Co the 
mgbis to tbi£ FBS, As $bowi? m FSf , 2fe* tM ptmmm of 
HEV-1 ambcn<sc R:NA^ expressed in the MT 4 tra»*forma»is 

deteciabte binder these eonditiotts. 

It: h Rate-worthy that sd& t»«formei with the M.oTN- 
145*4'} ¥e^:tor a^-awing npt §mt m^rmmm umtex kmtml. of 
the ^>TA& ftmm pmmmzr mm CM.1.8 mtom awl allowed 
bigh-tevd expression of ^ mRMA {Figv 2^}, TMrn rtt-mtte 
iMkMt that ths:s f5i»ioo promoter tmi nlkm tmntkmiv^ 
express Joa $.« the absence of tm pmtmi. 

Ch^kssgK of OS" 3^?ns« M^A-ex|j3fNgs$iii.g MT.^ 

mih HiV-L EetrnvM; v^:ctor$ sfsgbse^ if* Shis stodv w«r^ 
designed to «xprc«^ H1V4 ^tfeon^ or sen;^ ;RNA »e* 
qsi<:fic:e*i «orr«^|>omi«3:g to H1V-I^ X ^ 5> w\mh k mm of tfee 
cioae^ obtaji^d from H|V4j fm;i a pwl^d vlm$, Nis^otide 
^uence-^ of ®th&t vimses preset m HlV-lu^j ;$re isj- 
known, Thesfc feol^tes, d^ps^odfeg on- ih$k nodeo^id^ 
^iifttice, might ^se^pe it^tsbtyo^ by the a^sisetase: or 

exposed trim retroviral vectors ^rsgm^^d b this 
^sMy mx4 muMpfy, This, t».r»* mmM vbmxm the prnt^o 
tive M£et of {inti^nse or ssme ftNA a*»tec»fe« to the 
:BIV4 5J ^ 5 . botete, its^refor^.> the i&mt mMkm would fee J.o= 
h-omog^s^ot^ vh-ii:^ r&ifc&s&dt&om Um m0mnm$ ® 
cto^ed pmvhus who^e se^tsoc^ k fctetttfo&t or at te&*t very 
sfe^liif t^ th^st of HiV^| w ^ ¥i5 , Ssibsfeq^cntly^ pste stich 'cl^^ 
yixm, HIV-| N j si< ,.^ was &$sd m ®m $&wik®> lu\%^m\m 
within fsudeotkb^ 4-1 to. b ^t^ite ssmifer to that «>f 
H^V'-i^^^, This- mqmm® khnMy h WM> for the FE.S- M)d 
fw tb^M^m^mtki^4mm t$$km 9 m tte PBS. B^h HIV- 
i«t» *^^d HIV4nu*-.? m HIV4 chaikfip e^p^ri- 

fwmmU.* Mi\ eeik tmmfbrmed with 
M^U^WBBi -h m4 Mi>TH4A-) vectors es.pr^ss:iing m* 
tsmms EKAsi to Hl:¥*t. wer« : chslferiged with MIV^l^^ (Fsg, 
■3si -ml b) and 'HIV-vl KijXUS (Fig , 3c). Jnfmb« of Ml* eelk 
t^o^tonne^ with MoFN vector ^eki«g %h% tmi mqmmm. 
^rved m eo«i:^L Aft«r tJlfe^SiO^^ HI ¥4 prod^fM 
monitored vsmnis. time fesrvate b> : die level of 

The MT rf tn^^femani^ expressing aatiseitijw EN A to the 
FBS or to th^ regkm 5 f to the PBS were p&rtMty resass^t to 
hf>th %tmm$ of HIV-L tes^d> H[V-i MMt (Fig* 3«) and BJ'V- 

as vkus prmlnotioft was deete^sd 
o^ntlyw TM expression ofth««^- R'NAs -at the eeot&r 

of stiibk 1 : loop structure mifhi have conttiba^d to the. 
observed p&stkl rs^istsi?^, Usihig retroviral, v^t.ors allaw- 
strong constitutive m&m uiMntimMz $xpwi®m\ it k 
tempting to ^peey^iite ihm. tbe vector ^oTN-PBS(-) wB be 
«bk to confer resistance m sH HIV4 tsokies as this regbo 
k highly eottssrvsC 

Tb«' eells espret^sbg ^tisesise UNA m the HIV4. mt 
m&MA. leader seqpsncc (3-43 nucleotides ^orsg): failed to 
p^v^Kt muJt^ik-^tios* of both of HIV4 tested <Fig. 

3b ^jkJ e^. This mgMh>& mmh m\M be ^x^lsisied |« $«v«ra| 
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„.„.«s$«ii*£;„„. — ^ f<r ,-.,,, ., m . ^ 

wi^is Mo't^ M&¥^P&§£>3 U^W-yHS^i - } t#?> m 
MtifSS'lA.™} (M Ms&te$ wills HI¥~l$$$ Md fej -csr w^h 
HIV>i^ ;s ^ i^jsS of ^34 £«*sg£;r* vd^m^ the -cisltisr-e: 

sufetmim wm i&mmimi by EIJSA at vw tiws sfter 



ways, (i> T&s $>mtele ^>*s^bg tke 

S8Y4 tot mlNA le&d&r se^i^es i&c&sd* pr? of the 
footer ifcg&fc {MM i®m*dmiMt - t; 13 mieteBtfctes ta*g$ 
a&d pat of tfc$ ftp* mMHA (AIM} 'IT m*de-ot*fe 

k>ti$)> Th$se s^&er^#$, r whet* i>^^^i is &t$ &tw&< 
MkmM ife* y eo4 of th$ $fit mWKA* §mM 'bm% p&fr mite 
ifm sxmtpfam&MMy m^m-mm km&M4. m the 5' -emf of $hi& 

&&SS;fM^£$ taweor* M*tbeBse INAs $&d Ssipi 

01) The am^etsse INA^wl ^ghlM K^p^d^d 
by KSJrcko^^ b«t^ tfe-^ 4*nttk«as«- 

:RMA. m& the pid virm (HtV-l um ) mdy w hmm 

etiffiSa^iftg mRNAs might !?e ^m^rto^taite^l ; md/os: 

m^^v Mt* ceils »^m©! with Mat N'4-45'' I or;MoTK f -- 
10**) sspressbg E:NA to th§: H1V4 mt mMNA T 

kM®f m^mmv. m pm M .S J 3' ^gi^ ^•i: >^.>? mEN A, 
mp0e-iv^l>% w^ mlpc^d to >;-k^k$^g« by MW4. tim (Pig, 

mMNA teMzf mqmms a prsc&s rt^cemeim of $ht npt 

HIV^I^^ fotetev Htm»w:, ^^fmsks §emc 

iKA t>> H:!V4 wssMts she of mRNA ^ 
|mi«afve ^fei m BIV-i ^^etkm liese 

ifemwd with M$>TK-L0 f ^5 w^s sMkttp ?|^t fe^s^ 
mik s(mmmhy$ MoTH (Fig. 4). 

Dig^ren-ccs in ?&%i$ims$ to HIV- J laf^c-tbin tey 

mikm ih&$* 'kMte$ m^mmw %M B ? 'smi^^k^i 5<:!gk^5 of 

tom«d|>tlm So fe^ jjo ^i^fet^<l fey lh« M|V-1 
p?^iefe, For $mm &%itmimu by t^e mt pmimt m ite of 

v>v?itot M<j'rN-L{^' >v > fe^t s$ ts3t> ktrp: tfe v^vltJ? 
^feT^443"^), Ti^o^s M^i^^sfete ael:b^tk^> o?ih- 
exp^c^d t?s <5c^u? fsom ?fee ?A-TAR pnj?m>ier fch^ 

prmtzd in ikz <?f rm pmtmn m mntmmg 

Mi}TH4.4$ f * ) or M^T^'443-- '-t } *mm mrf mwkr 2$). 

pmitm, t&5 kvd: of MI¥4 SNA -^^^M toss tlw 
ve^or MoT^iUT r ) m*M h& higher t to l.^st sxpassi?^ by 
\M ve<ste Mt>TH-;.M?'^). Tht? ^tsbiit^ of th^'two mm& 
RNA. nmtemtm mukl h% 3iWm°mt m well. 

: TAR 



f?> b expecJiSfd 4m^as^v the &^o^i^s of m. 

wis C?3'K lt-$m mmmm iteut ttm- UMmg mm prote^ to tl^ 
TA R se^«efic« m m mmmt pmkkm m EN A s 

«.«pr««s«d fsxtm fte vector M^TN-LP ? t) mi pomihte., 

wotiki ^cur with $UNA$ c>o^ii5log the TMi sepw 
»t the fe^d ^x^^d fern the vg« MoT^H4-5- t-|, 



Ammmm and seksb &na& cokfbe ies*stasce to BIV4 ssil 




Days Ater taf^tltift 

H M#T£M i' : * $ - x St «r ?4i>TN-t^'V - ) (4 ) w*r-e jfeicd 
w&fr BIV^^s or 'HlV4w^.> ®*h *H* tevsi of rtfi a-Bttgim 
retesss&f fe? |h« ta-jkurs sup&ns&tMt wm $mmmm§ by BiMA si 
v^km Mm §f$m MMtwt< Ffor (tad)*, m>z itm tegm4 io 3, 



$e€|ueft&£ & precise rep&c&meM of the npt m&N A lm$m 
■m}\wm&< mprmm4 imm MoTH- U5 f 4 ),. expected to 

the HivVl 3 V &e^e&K-es &<mfc&m-&$ vJhe ml&nt&xim &i 
-dth$r the 5 ; " or She 5* .««d of th® apg'ftiS&iA shotsld have 
-rectified. k\ ^.torsive replk;:tik>n> : B$w«v$f, #0 MkM* 
tioaof HlV -1 misltijriic&siofi was observed m cdfe co^ialntog 
ifcg '$gn$$ RNA pxw&m & iM- % y §M t)t npt 
b*RNA mif ht interfere w&fe HIV4. mdt^lkm&m sstt smother 

$*n$t EMA 10 j** mSNA tender in. tfts retrovtml 
ve«&$r MoTN*L$' ■*) pmhMy by Mmim$. to mt prtMm 
or fcs some other cdksl&r teom, If so, thh vsetor mil kMbix 
m&\l\$U&MUM sf stli- HIV* I isol&tes which Nndsfig to these 
vsrafc of ec-lhsl&r ?tt&ih%t&tt}e£i- 

In co«d«s.tav mhibftio** of HIV- 5 toisltspJk&ite wm 

formed mih Tzt?m4ti\\ \'%%t®n m$n-v&$m$ m\xkmim RNA i*> 
tbe I^BS or ti> sregk?» 5* lo slser PBS &s |jait srf a h&&p 
sXritcmm within 'V imUmslM&tl mgkm M npt mRNA. 
iwfeMic*» teas evident: wftfe a mpmmm HIV- J 
if^if f^RNA 5 : bsd^r sequence m the sense •orienMisft* jss ^ 
precise rspk^emeRi of the mRMA. S 1 tender s^qu^c^,. 
The ^«?xt st«p wpsikl be m 4&&rmm at which $£ep -these 



s«Me a«tkeMe EN As mfesfere with the HIV4 Hfc cyek 

mimnm MM As expressed sindcr tk« control of the- Mobaey 
murine i^kenm vin^ k^g ^rmij^l •fepes.C and hz$p®$ 
dmpUx mm& tk. promoter might not be ahie to kmp pM& 
with HIV- 1 tmENA^ pnxkeed sss s fes^tt stmum mtivMkm 
by th$ mt ^mMiti, Tlwm mmiu might xbm^tm®. be sm^wved 
by mmg rsXnmrM vector* altewing *<ro«g e^titotive 

^SSh^^-^nd D^ ; A is^^iifiae^g .s^cf R, L, j crji:k^ 

AiPS ^^esj'ftj s«4 R^fe^m-* ^^^-1^ Fs'^i^ifft, i>iv^itm of Alr^S^. 
HlAm, N.tHi £19 «c«lis w^h sbe HJV4 53t » stress m\4 

HW- h^ ^ 4h>M pt'&S&SSii f?virt? |t:ati : !sf?>r5s'5K^ A3 Ail v«^s; f?\>m ti. 

7M$ work was supported !>£ » patt? toK MRC. 

am. 

6. PM, j> %, M, CMmth 3ft r mmif*< mil A, Mi 
CJe^tk m^.^^i^eii job i>f ^^^i^s-o^kt^ %t$m #i?\te wsi?.h ^irtwi^Vi 
vectors, Tre:mi$ 165-4^0.. 

■^0i^'Mmfiyt^M^^^ rs$$i>ft (TAR) RNA />* viff-w, ^xx;. N>i.^. 
A^i.rf, Sci, IIS A M>^:1^)^>, 

AC;Kt. USA te^^m 

^«»i>k-'-s^«Kle<i RNA-^e^etK^^t ki^$« : i&m b$ jhe iTAR re- 

I t Or^m, W, h n m$ h* h Vsi« m? m* W : X A n«w tftcM^ f^f 

kirns® ■ SKpmmmi hymxkmm RN A:: ^Iscukr w 
r^J^hi^ «t Swb^tlje<j[ te ^,bJk&Sk>«, 

v<>ct?srs w^h modified !^>">g Jc^mI rsjx^at^ cfs^sming t^s^ 

14.. J»y*w?r» A* h--< im& A- 8*rf$*^^. R^tmvifw^ tys^dwesi^^: 
^eg^x-g^thjio of irsA$fs»r ??xfi^ fiimxx^, ittx! th*- : h$^ps-?i 

vkm xh$mk$m Mmm vectors, Mol CcSL Bk^., Ml 

II K«!^s^ ? 1\ A, j J - i>> Rft^eris,. attsd: HL A. ^kowr, 1^', 



Kimi ffl Ah 



1.4. ^ ;M, &J5« **s$ss§' toss- IW 

fcs&m s |^ ajxtev, Boss |«w Tssas^sask 
17. .to^v ^ B&S. M#$tf£s&$a of M V- skates®^ to ite-^y m4 

JPfe8%$* M®$®\&mn of mm mptmmn m tmx&tpgfe hm\&- 
t&poieik toll $jM*age& Mi&mn$ msmimi $m§ umMzr 
Ihm, Natl AzM r 'm,. mA mim-^m. 

of » os ^k$gfci& «ts*M m% m h$$$m** 

2'L &a&»&ttr&k €<• tot, ^tofamtiteakM* M«s%^€o?o®\ T> 

m&- B,. IMf, S^g^mso &f o&ai of HIV 

(ft&ftssss. £m&ti*^«$s&t&y vfcmi hi mm by m s&iimms 
phxmMmi& <^mMm%mmlmu^. agg&tst rev (Mti'm) m ckro&< 
im\h M$$i#3 c&\h.- Prm, HML AsM, Sd, VBA 

mmam^r WUA %mmMkm M vm>, l*ms, UM, MM, $ki, USA 

FMk&$w§ c^M Urns Uy mmd rscmMmtim. kMin^ hdpzv 
mm :p£MM*im, %M, CSL Bml &Wt$^W®%< 

Aral. Sei USA 

t& IK. K is, JMti, IT- M, sa*^ A, BmtmL 

A rcw J "**eB5® !,fl RNA appf^ch to 'block viral EN A 

I'?. Miming, Ih ii. Smitis,. ami I. €a^. iM?:.. ^^fe^oss ssf 



r> E, &> J* A* M^f«^^ tv A., ffeisk^ 

mm, .m& W* W^SimL IMS. €m^m mdmm* mqmnss 
Mm mm, M'W4llr Hmmx ihm&m)- MhW»M4» 

i^g wjsh «y^f»(iff i^»fe>^- Pf^;. UMi, Am4 S<:i. 
thtm^^ 8fi<>£jjsi ja?ei«iR, N&tara (l^d^s) MSiM^442x 

^tov^?^ :?s?^k«iik^ j?y R^sA. MoL §k^. 

Vmt to &mi* A, I M. MM, m$ A* I, 

Modisktte of ^k^y^ifc. .gm^ ^x^mki* by mmpkm&Mmy 
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ABSTRACT 

Transfection of a neuroblastoma cell line with expression vectors 
containing two different segments of human c-myb complementary DN A 
in antisense orientation yielded far fewer transfectant clones than did 
the transfection with the identical segments in sense orientation. In cell 
clones expressing c-myb antisense RNA, levels of the c-myb protein 
were down-regulated and the proliferation rate was slower than that of 
cells transfected with sense constructs or the untransfected parental cell 
line. Treatment of neuroblastoma and neuroepithelioma cell lines with a 
c-myb antisense oligodeoxynucleotide strongly inhibited cell growth. 
These data indicate a definite involvement of c-myb in the proliferation 
of neuroectodermal tumor cells extending the role of this protooncogene 
beyond the hematopoietic system. The availability of cell clones that 
transcribe c-myb antisense RNA provides a useful tool to study the 
involvement of other genes in the proliferation and differentiation of 
neuroblastoma cells. 

INTRODUCTION 

The c-myb protooncogene is the cellular homologue of the 
viral \-myb carried by avian myeloblastosis virus and E26 (1,2), 
both of which transform hematopoietic cells with a distinct 
myeloid phenotype (1-3). The protein encoded by \-myb is 
localized in the nucleus (4, 5) and binds to DNA in vitro (6). The 
DNA-binding domain of the v-myb protein is composed of two 
imperfectly conserved 52-amino acid direct repeats located 
near the amino terminus (7) and corresponds to a truncated 
version of that found in chicken and mammalian c-myb pro- 
teins (8-10). The v-myb protein synthesized in bacteria binds 
specifically to the nucleotide sequence pyAACG/TG (11), and 
concatemers of this consensus sequence can confer \-myb- 
dependent inducibility to otherwise unresponsive promoters, 
suggesting that the v-myb protein acts as sequence-specific 
DNA binding transcription factor (12). Also, \-myb directly 
regulates the expression of a cellular gene, MIM-1, in chicken 
myeloblasts infected with an avian myeloblastosis virus temper- 
ature-sensitive mutant (13). Nuclear localization and DNA 
binding activity are necessary but not sufficient for the onco- 
genic potential of myb (14). The c-myb protooncogene and 
\-myb share several biochemical and functional properties, in- 
cluding nuclear localization, DNA binding, and transcriptional 
regulator activity (15). These properties appear to be important 
in transformation of chicken myeloid cells (16). 

It has long been suggested that c-myb expression is linked to 
proliferative and differentiative processes in the hematopoietic 
system (17, 18). Antisense c-ot^ oligodeoxynucleotides block 
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normal hematopoiesis in vitro (19). More recently, the need for 
c-myb expression on fetal liver hematopoiesis has been demon- 
strated in transgenic animals in which the c-myb gene has been 
inactivated by homologous recombination (20). 

Elevated c-myb expression has been demonstrated in human 
leukemia cells (21) the in vitro proliferation of which has been 
shown to be m^-dependent (22). Several solid tumors of dif- 
ferent embryonic origin such as colon carcinoma (23), small cell 
lung carcinoma (24), teratocarcinoma (25), and neuroblastoma 
(26) also demonstrate c-myb expression. 

NB 4 is a malignant childhood tumor thought to arise in mi- 
gratory cells of the embryonal neural crest (26). NB is histo- 
pathologically indistinguishable from NE and the two malig- 
nancies are often considered as one entity. Nevertheless, Thiele 
et al. (26) have reported that the pattern of protooncogene 
expression differs in these tumors. In fact, N-myc expression is 
generally high in NB and its amplification correlates with tu- 
mor progression and aggressiveness (27), whereas NE generally 
does not express N-myc (27). On the contrary, c-myc expression 
is high in NE but low in NB. However, both NE and NB express 
c-myb. NB cell lines induced to differentiate by retinoic acid 
demonstrate a rapid and sharp decrease in c-myb expression 
due to a decreased transcription rate rather than instability of 
c-myb mRNA (28). The temporal relationship between the lev- 
els of c-myb mRNA and the differentiative and proliferative 
processes occurring in NB makes c-myb a possible candidate for 
a key role in the proliferation and/or differentiation of neuro- 
ectodermal tumors. 

In the present study we evaluated the effects of c-myb down- 
regulation in NB and NE cell lines by transfection of expression 
vectors carrying different domains of the c-myb cDNA in anti- 
sense orientation and by exposing cell cultures to antisense 
oligodeoxynucleotides. 

MATERIALS AND METHODS 

Cloning of Antisense and Sense c-myb Vectors. Sstll-EcoRl (DNA- 
binding domain) and BamUl-BamUl (3' untranslated region) frag- 
ments were obtained from clone pMbm I dihydrofolate reductase (18) 
containing a full-length human c-myb cDNA. After end-repair with 
Klenow enzyme (Promega, Madison, WI), the fragments were cloned in 
the polylinker region of pRc/CMV vector (Invitrogen, San Diego, CA) 
as described (29). Sense and antisense orientation of the cloned frag- 
ments was determined by restriction analysis. 

Cell Lines and Transfection. Neuroblastoma cell line LAN-5 (30) 
was grown in RPMI 1640 (Sigma, St. Louis, MO) supplemented with 
fetal bovine serum (Sigma). Cell lines SK-N-SH and SK-N-MC (31) 
were grown in minimal essential medium (GIBCO, Grand Island, NY) 
with 10% fetal bovine serum. 

DNA transfections in LAN-5 cells were performed by the calcium 
phosphate precipitation technique according to standard procedures 
(29). Briefly, cells were seeded at a density of 10 6 /dish and 48 h later 
were exposed to plasmid DNA (pRc/CMV) at 20 Mg/plate for 6 h. After 



4 The abbreviations used are: NB, neuroblastoma; NE, neuroepithelioma; 
cDNA, complementary DNA; PBS, phosphate-buffered saline; CMV, cytomega- 
lovirus; RT, reverse transcriptase; PCR, polymerase chain reaction. 
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2 days cells were placed in medium containing the antibiotic G418 
(Sigma; 400 ng/m\) and transfectant clones were isolated 3 weeks later. 

Oligodeoxynucleotides. Unmodified deoxynucleotides were synthe- 
sized on an Applied Biosystem 380B DNA synthesizer by means of 
0-cyanoethylphosphoramidite chemistry. Oligodeoxynucleotides were 
purified by ethanol precipitation and multiple washes in 70% ethanol. 
Nucleotide (nt) numbers and codon positions for each c-myb oligode- 
oxynucleotide refer to the published human c-myb cDNA (10). 

The primers for the PCR to control integration of the antisense 
inserts in the 5' and 3' antisense clones and to detect antisense RNA 
transcription are 

CMV1: 5' AATGGGAGTTTGTTTTGGCACCAA3' nt 699-722 of hRc/ 
CMV-myb-\: 5' TGCCAAGCACTTAAAGGGGAGAAT3' nt 467-490 
myb-2: 5' AACTTGTTTGGGAGACTCTGCATT3' nt 2959-2983 
myb-3: 5' GCTGGCACTGCACATCTGTT3' complementary to nt 333-352 
myb-4: 5' GCTGGCACTGCACATCTGTT3' nt 128-147 
myb-5: 5' CTGAAGAAGCTGGTGGAACAGAATG3' nt 264-289 
myb-6: 5' CTAGCAGCATGTCTACAGGC3' complementary to nt 2708- 
2729 

myb-1: 5' CCATGTGACATTTAATCCAG3' nt 2496-2515 
myth*. 5' GCTCATTTATGGTTAATGAC3' nt 2525-2544 

The c-myb sense oligodeoxynucleotide used in cell cultures was 
5GCCCGAAGACCCCGGCAC3' corresponding to codons 2-7. The 
c-myb antisense was 5GTGCCGGGGTCTTCGGGC3', complemen- 
tary to the codons 2-7. 

RNA Extraction and RT-PCR Analyses. Total RNA was prepared 
by acid guanidinium thiocyanate-phenol-chloroform extraction (32). 
RNA for RT-PCR analysis to detect c-myb antisense RNA in trans- 
fected clones was treated with RNase-free DNase I (Promega). Reverse 
transcription, PCR analysis, and hybridization to the specific probes 
were carried out as described (33). Plasmid integration was determined 
by PCR after isolating genomic DNA as described (29). 

Immunocytochemical Analysis. LAN-5 cells were seeded in Labtek 
chamber slides (NUNC, Naperville, IL) at a density of 5 x 10 3 cells/ 
cm 2 . After 48 h, cells were rinsed in PBS, fixed in 4% paraformaldehyde 
in PBS for 10 min at 4'C, permeabilized in PBS containing 0.01% 
Triton X-100 for 5 min at 4°C, and treated with 1% bovine serum 
albumin (Sigma) for 30 min at room temperature. Incubation with 
sheep polyclonal antibody to c-myb protein (Cambridge Research Bio- 
chemicals, Valley Stream, NY) (34) at 1:100 dilution and immune 
sheep serum as control was carried out for 18 h at 4°C. After extensive 
washings in PBS, slides were treated with peroxidase-labeled rabbit 
anti-sheep IgG antibody (KPL, Gaithersburg, MD) and stained with an 
immunocytochemical staining kit (KPL). 

RESULTS 

Cloning Efficiency and Proliferation of a Human Neuroblas- 
toma Cell Line Expressing c-myb Antisense Transcripts. Two 
different regions of the human c-myb cDNA were cloned in 
antisense orientation in the expression vector pRc/CMV in 
which the CMV promoter-enhancer (35) drives the transcrip- 
tion of the cloned genes and the SV40 promoter drives tran- 
scription of the gene encoding the G-418 resistance used to 
select transfected cells. Transient transfection assays to com- 
pare the efficiency of the Rous sarcoma virus, SV40, and CMV 
promoters in LAN-5 neuroblastoma cells showed that the 
CMV had highest activity in driving the transcription of a re- 
porter gene. 5 

Neuroblastoma cell line LAN-5 which expresses c-myb 
mRNA constitutively (26, 28) was transfected with plasmids 
expressing antisense and sense c-myb transcripts. Both size and 
number of G418 resistant clones were reduced in the transduc- 
tions with constructs expressing the 5 or 3' antisense myb se- 
quences as compared to those expressing the sense transcripts 
(Fig. 1). On average, the cloning efficiency of 5' antisense-m^ 
transfectants was reduced 66% (from 62 to 70%) as compared 



5 G. Raschella et al., unpublished observations. 
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Fig. 1. Cloning efficiency of LAN-5 cells transfected with plasmids transcrib- 
ing c-myb cDNA in the sense and antisense orientation. A, 5' antisense myb; B 9 3' 
antisense myb; C, 5' sense myb; and Z>, 3' sense myb. Results are representative of 
3 separate experiments. 



to 5' sense-myb; for the 3' antisense-my£ transections, the 
average reduction was 91% (from 84 to 97%) as compared to 3' 
sense-myb (mean of 3 separate experiments). 

Twelve single clones were isolated from the 5' and 3' anti- 
sense myb transfectants and the integration of each construct 
was determined by PCR. Primers for PCR were chosen in order 
to amplify 267 base pairs upstream of the Notl cloning site in 
addition to 208 base pairs of 5' antisense-mj>6 and 219 bp of 3' 
antisense myb. Fig. 2 shows a diagram illustrating PCR strat- 
egies with primers and probes used for the analysis of the 
clones. All 3' antisense myb clones showed the expected ampli- 
fied fragment (486 base pairs) (Fig. 3A), whereas several 5' 
antisense myb clones (Fig. 3/?, Lanes 2, 4, 7, and 8) did not, 
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Fig. 2. PCR strategies to detect vector integration and transcription of anti- 
sense RNA in antisense transfectants. In A, CMV-1 and myb~\ are the PCR 
primers to determine the integration of the 5' antisense (AS) clones; myb-3 and 
myb-4 are the primers for RT-PCR; and myb-5 is the probe to detect antisense 
RNA transcripts in 5' antisense clones. In B, CMV- 1 and myb-2 are the PCR 
primers to control the integration of the 3' antisense clones; myb-6 and myb-1 are 
the RT-PCR primers; and myb-% is the probe for antisense RNA detection in 3' 
antisense clones. 
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Fig. 3. Detection of construct integration and antisense transcripts by PCR 
analysis. A, 3' antisense myb clones. M, size marker. Lane 1, pooled transfectant 
clones; Lanes 2-12, individual clones; Lane 13, transfectant clone containing the 
pRc/CMV vector (negative control); Lane 14, no DNA; Lane 75, DNA from 
vector 3' antisense myb (positive control). B, 5' antisense myb clones. M, size 
marker. Lane 1, pooled transfectant clones; Lanes 2-9, individual clones; Lane 10, 
transfectant clone containing the pRc/CMV vector (negative control); Lane 11, no 
DNA; Lane 12, DNA from vector 5' antisense myb (positive control). C, hybrid- 
ization analysis of antisense RNA transcripts in transfectant clones. Lane 1, 
RT-PCR without RNA; Lane 2, RT-PCR of 5' antisense clone in B, lane 9\ Lane 
5, PCR from RNA of the same clone; Lane 4, RT-PCR without RNA; Lane 5, 
RT-PCR of 3' antisense myb clone, in A, Lane 7; Lane 6, PCR from RNA of the 
same clone. Primers and probes are as described "Materials and Methods.** 



possibly because of rearrangement or deletion involving the 
antisense insert preventing the transcription of the antisense 
RNA. Accordingly, the inhibition of LAN-5 cell proliferation 
resulting from transfection with the 5' antisense myb construct 
might be underestimated. Clones positive for integration of the 
5' antisense construct showed the expected amplified 475-base 
pair fragment. 

Transcription of antisense c-myb RNA was confirmed in RT- 
PCR experiments (Fig. 3Q. Total RNA from transfectant 
clones was extracted and treated with RNase-free DNase I be- 
fore the RT-PCR reaction. Primers were designed to amplify a 
224-base pair product for 5' antisense myb clones and a 231- 
base pair product for 3' antisense myb clones (Fig. 2). After size 
fractionation on an agarose gel and transfer to a nylon mem- 
brane, the amplified products were hybridized to specific probes 
for unambiguous identification; antisense c-myb RNA tran- 
scripts were clearly detected in both 5' and 3' antisense-m^ 
transfectants (Fig. 3C). Most of the antisense transfectants do 
not show evident morphological alterations. All tested anti- 
sense clones retain the capability to differentiate toward a neu- 
ral phenotype under the effect of retinoic acid (not shown). A 
more detailed phenotypic characterization of the transfectant 
clones is now in progress. 

Comparison of growth curves for 3' and 5' antisense-mj>/> 
clones which were found positive for integration of the con- 
structs (Fig. 4) revealed consistently slower proliferation rates 
and generally lower growth plateaus than those of the LAN-5 
parental cells and sense controls. 

Immunocytochemical analysis using an mti-myb polyclonal 
antibody indicated the clear presence of myb protein in the 
nucleus of the LAN-5 parental cells and the 5' and 3' sense 
controls (Fig. 5, A-C), whereas myb protein was barely detect- 
able in the 5' and 3' antisense transfectants (Fig. 5, D and E). 

Effect of c-myb Antisense Oligodeoxynucleotides on Growth 
of Neuroblastoma and Neuroepithelioma Cell Lines. To fur- 
ther examine the role of c-myb in the proliferation of neuroec- 
todermal tumors, we inhibited c-myb expression using anti- 
sense oligodeoxynucleotides and analyzed the effects of this 
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Fig. 4. Growth curves of antisense-m>7? transfectants. A, 3' antisense myb; B, 5' antisense myb. Values are the mean of two independent experiments. The sense-myb 
control curve in each panel is derived from the mean values using three different 5' {A) and 3' {B) sense clones. Each sense clone had a comparable growth rate. Initial 
seeding density was 5 x 10 3 cells/cm 2 . Letters, individual clones. Bars, SE. 
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Fig. 6. Effect of c-myb antisense oligodeoxynucleotide on cell growth of neuroblastoma and neuroepithelioma cell lines. SK-N-SH SK-N-MC (B), and LAN-5 
(C) cells were untreated (Q, sense-treated (5) and antisense-treated {AS). Cells were counted after 7 days for SK-N-SH (A) and after 9 days for SK-N-MC (B). LAN-5 
(O cells were counted at days 0, 5, 9, and 13 of culture. Cell count values, mean ± SD (bars) of experiment performed in triplicate. 



inhibition on the growth of neuroblastoma cell lines LAN-5 and 
SK-N-SH and neuroepithelioma cell line SK-N-MC (31). In a 
typical experiment, 1 x 10 4 cells were seeded in the presence of 
antisense or sense oligodeoxynucleotides (80 Mg/ml at 0 h, 40 
Mg/ml after 18 h, and 40 Mg/ml after 36 h). Cells were counted 
after 7 or 9 days. As shown in Fig. 6, antisense c-myb oligode- 
oxynucleotide treatment resulted in almost complete growth 
inhibition in all three cell lines. To determine whether this 
inhibition correlated with c-myb transcript levels, total RNA 
was extracted from each tumor cell line 24 h after exposure to 
120 fig of c-myb oligodeoxynucleotides and c-myb expression 
was measured by RT-PCR; c-myb mRNA was barely detectable 



in antisense-treated cells, but abundantly expressed in sense- 
treated and untreated cells (Fig. 7). 

DISCUSSION 

We have shown that down-regulation of c-myb expression 
exerts a strong inhibitory effect on the proliferation of neuro- 
ectodermal tumor cells. Two different strategies were used in 
our work. Neuroblastoma cell line LAN-5 was transfected with 
vectors carrying two different segments of the human c-myb 
cDNA in the antisense orientation and transfection efficiency 
was assayed; the yield of transfectants was dramatically reduced 
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Fig. 7. Expression of c-myb mRNA in LAN-5 cells exposed to c-myb oligode- 
oxy nucleotides. LAN-5 cells (lOVml) were untreated (C) or exposed to —80 
Mg/ml of c-myb sense (5) or antisense (AS) oligodeoxynucleotides at time 0. After 
12 h a second dose (40 Mg/ml) was added. Cells were harvested 12 h later. Total 
RNA was isolated and divided into two aliquots that were separately amplified by 
RT-PCR with c-myb- and ft-microglobulin-specific primers as described (44). 
The resulting cDNAs were hybridized to specific 32 P-end-labeled probes as de- 
scribed (29). Results are from a representative experiment. 

when either antisense vector was used as compared to their 
sense controls. Although the isolated antisense transfectants 
are heterogeneous in their growth rate, they show consistently 
a slower proliferation as compared to sense controls. Further- 
more, they transcribe antisense c-myb mRNA and have a 
marked reduction of myb protein synthesis as indicated by im- 
munocytochemistry. Together these data indicate that the 
slower proliferation of the isolated antisense clones is due to 
down-regulation of c-myb expression caused by antisense RNA 
production. 

The second strategy involved exposure of neuroblastoma and 
neuroepithelioma cell cultures to a c-myb antisense oligodeox- 
ynucleotide in order to suppress c-myb mRNA expression. 
Again, the same inhibitory effect on the proliferation rate of 
these cells was observed. The rescue of antisense stable trans- 
fectants is in apparent contrast with the nearly complete growth 
inhibition resulting from the exposure of neuroectodermal tu- 
mor lines to c-myb antisense oligodeoxynucleotides. Most 
likely these findings rest in the low level of antisense c-myb 
RNA transcribed by the transfectant clones and detectable by 
the sensitive RT-PCR technique but insufficient to completely 
block the function of c-myb mRNA. In this regard, Cotten et al 
(36) have demonstrated the requirement for an antisense RNA- 
: target mRNA ratio of 6:1 to completely abolish the function of 
protein U7. Nevertheless, the slow proliferation rate of the 
c-myb antisense transfectants indicates that even incomplete 
down-modulation of c-myb has a readily detectable effect on 
cell growth. 

In neuroblastoma several structural abnormalities such as the 
deletion of the short arm of chromosome 1 (dellp32-pter), 
double-minute chromosomes and homogeneously staining re- 
gions are frequent findings (37-39) and have been associated 
with the development and the progression of this neoplasia 
(40). Furthermore, N-myc gene amplification has been corre- 
lated with advanced clinical stages and poor clinical outcome 
(27, 41). However, the proliferative activity of neuroblastoma 
has not been clearly associated with a distinct pattern of altered 
gene expression. 

Two recent reports describe the block of N-myc expression by 
means of antisense RNA and oligodeoxynucleotides (42, 43). In 



both cases neuroblastoma proliferation was only partially af- 
fected by N-myc down-regulation and was probably secondary 
to the induction of differentiative processes. In addition, a large 
percentage of terminal neuroblastomas do not show amplifica- 
tion or detectable expression of N-myc. Together, those data 
suggested that other gene activities besides N-myc are involved 
in the proliferation of neuroblastoma cells. The inhibitory effect 
on cell growth obtained by abolishing the expression of c-myb 
strongly suggests the involvement of this protooncogene in the 
regulation of neuroblastoma cell proliferation. Moreover the 
findings reported here, provide direct evidence for the essential 
role of c-myb in nonhematopoietic tissues, perhaps through its 
effects on the expression of genes directly involved in DNA 
synthesis and cell cycle progression. The stable transfectant cell 
lines that express antisense c-myb RNA should prove useful in 
evaluating the possible cooperation of c-myb and other genes in 
regulating proliferative and differentiative processes in neuro- 
blastoma, which, in turn, may lead to the development of an 
antisense-based therapy of these neoplastic disorders. 
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